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ABSTRACT 
  
The world is facing a major challenge of population aging and falls in the elderly present a major 
health problem due to their high incidence, the involvement of multiple risk factors, and the fall related 
injuries and psychosocial consequences. Many studies have been conducted to investigate the potential fall 
risk factors and develop corresponding fall risk assessment tools for proactive fall prevention. Simple fall 
risk assessment tools including questionnaires and performance measures are widely used because these 
tools are easy to administer and cost-effective. 
 This thesis was aimed to identify Korean elderly women’s fall risk profile and to provide a guideline 
on choosing appropriate simple fall risk assessment tools for the Korean general elderly population 
through a comparison study with various previously reported fall risk assessment tools since Korea 
is also one of the countries facing population aging. Thereafter, a new fall risk assessment tool was 
developed and its effectiveness was evaluated through a follow-up experimental study. To identify 
the fall risk profile in Korean older people, characteristics of Korean older people’s fall (fall history, 
circumstances of falls, and consequences of falls etc) were investigated by face to face interviews. To 
evaluate the effectiveness of the fall risk assessment tools, existing fall risk assessment tools were compared 
in terms of validity and practicality through an experimental study. Limitations of existing fall risk 
assessment tools were investigated afterwards, and a new tool was developed based on four design criteria: 
inclusion of various fall risk factors, utilization of objective test items, systematic structure, and 
determination of weights for each fall risk factor. A follow-up experiment to prove the new tool is effective 
to detect fall risks was conducted. 
 The results of the first experiment suggested that among seven widely used simple fall risk 
assessment tools, short version of Falls Efficacy Scale (SFES) is the most suitable tool for assessing 
fall risks of community-dwelling Korean older women, followed by Berg Balance Scale (BBS). 
SFES had high classification accuracy and discriminant validity (AUC= 0.821) and BBS had moderate 
accuracy (AUC= 0.726). Results of the second experiment on a new sample demonstrated that the newly 
developed tool is appropriate to assess fall risks in Korean community-dwelling older women. Logistic 
regression model in the new tool, which is one of the methods for determining the weighting of each risk 
factor, showed significantly higher accuracy (AUC=0.808) than existing fall risk assessment tools (AUC 
ranged from 0.502 to 0.683) in assessing fall risks of the Korean older women. The findings of this study 
could contribute to not only discovering fall risk characteristics of Korean older people and effective tools 
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to assess their fall risks, but also developing a new systematic fall risk assessment tool for Korean older 
people. 
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I. INTRODUCTION 
 
1.1 Research Background & Significance 
 
1.1.1 Population Aging  
The world’s population has experienced significant aging since the mid-twentieth century. On the 
one hand, fertility has been falling since the mid 1960s; a fact often attributed to the rise in the number of 
women entering the labor force (Grant, Hoorens, Sivadasan, van het Loo, & DaVanzo, 2004). On the other 
hand, human life expectancy has been increasing due to advances in medicine.  Taken together, these factors 
explain the relative increase in the elderly population; a trend which is projected to continue well into the 
future (see Figure 1). 
 
 
Figure 1. Change of world population pyramid from 1970 to 2030; (A) 1970, (B) 1990, (C) 2010, (D) 
2030 (United Nations, 2013) 
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As Figure 1 shows, the ratio of the elderly population has been increasing for several decades, while 
the ratio of the young population has been decreasing. In 2013, the world population reached 7.2 billion, 
but the ratio of older persons aged 60 or over was 12 percent. Considering that the percentage of older 
people was 8 percent in 1950 and it will be 21 percent in 2050, the world population is aging at fast rate. 
This tendency is pronounced in the developed countries where the percentage of older adults in Europe and 
North America in 2013 was 27.5 and 23.7 respectively, while it was just 5.9 percent in Africa (United 
Nations, 2013).  
 
1.1.2 Fall Risk for Older Adults 
Falls are one of the most leading causes of injuries for older people. Falls have various definitions. 
Lach et al. (1991) defined a fall as “an unexpected loss of balance resulting in coming to rest on the floor, 
the ground, or an object below the knee level”; and Tinetti, Speechley, and Ginter (1988) defined the fall 
in non-hospitalized older population as “an event which results in a person coming to rest unintentionally 
on the ground or lower level, not as a result of a major intrinsic event (such as a stroke) or overwhelming 
hazard”. Nevitt, Cummings, and Hudes (1991) had the definition of fall as “falling all the way down to the 
floor, or other lower level, but not as a result of syncope or overwhelming external force”.  
Falls cause serious problems to older adults. One third of community-dwelling older adults aged 
65 or over experience at least one fall in a year, and approximately half of them experience multiple falls 
(Rubenstein & Josephson, 2002). The frequency of experiencing falls becomes higher as older people 
become older (Figure 2); 40~50% of the community-based population over the age of 80 experience at least 
one fall every year (Tinetti, Speechley, and Ginter, 1988; Tinetti & Williams, 1997).  
 
Figure 2. Increasing fall rates as aging adapted from Lord, Sherrington, Menz, and Close (2007) 
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Older people who experienced falls face fatal and non-fatal injury (Marschollek et al., 2011). 40~60 
percent of falls lead to severe and minor injuries or fractures, and fall-related injuries are the most common 
cause of accidental death in those aged 65 or over, resulting in approximately 41 deaths per 100,000 older 
people every year (Currie, 2008; Weatherall, 2004). Falls are a leading cause of TBIs (Traumatic Brain 
Injuries) and fractures. Falls cause 5~10% of fractures and 61% of TBIs to older people aged 65 years and 
older (Berry & Miller, 2008; Faul, Xu, Wald, & Coronado, 2010). Figure 3 shows the rates of fatal falls per 
100,000 elderly people in the US by age and sex group. The rates increased by age, and males have higher 
fatal fall rates than females. In addition, falls cause post fall syndrome, manifested in a fear of falling or 
social isolation (Cumming, Salkeld, Thomas, & Szonyi, 2000; Legters, 2002), and is associated with 
substantial economic costs (Stevens, Corso, Finkelstein, & Miller, 2006). 
 
 
Figure 3. Fatal fall rates by age and sex group adapted from WHO (2008) 
 
1.1.2.1 Injuries related with falls 
Falls cause various non-fatal and fatal injuries in older adults. 47% of falls cause injuries 
(Nachreiner, Findorff, Wyman, & McCarthy, 2007) and 1 in 40 older people who experience falls will be 
hospitalized (Rubenstein, 2006). According to Hitcho et al. (2004), 42% of older people who underwent 
falls had some type of injuries, 10% of them were associated with moderate or severe injuries including 
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fractures, lacerations, other head traumas, loss of consciousness, subdural hematomas, and cardiac arrest 
with death. Table 1 shows the type of non-fatal injuries causing hospitalization. Fracture was the main issue 
because it is not only frequent but also severe. 
 
Table 1. Type of injuries and percentage of non-fatal fall injuries inducing hospitalization (Stevens et al., 
2006) 
Type of injuries Percentage (%) 
Fracture 35 
Superficial/Confusion 31 
Sprain/strain 15 
Open wound 12 
Internal organs 4 
Dislocation 4 
Other types 0 
Unspecified 0 
 
The body parts injured by falls causing hospitalization were also various. According to Bradley 
(2013), hips and thighs were the most fragile body parts with neck of femur fractures (known as hip 
fractures) being the most common, accounting for 75% of hip and thigh injuries . The second most common 
injured part was the head, accounting for around 20% of all fall injuries. Injuries by body part and 
percentage are shown in detail in Table 2. 
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Table 2. Principal diagnosis : injured body regions for falls injury cases for people who are over age of 65 
(Bradley, 2013) 
Principal diagnosis Percentage (%) 
Injuries to the head 19.7 
Injuries to the neck 1.5 
Injuries to the thorax 6.5 
Injuries to the abdomen, lower back, lumbar spine & pelvis 11.2 
Injuries to the shoulder & upper arm 9.3 
Injuries to the elbow & forearm 9.8 
Injuries to the wrist & hand 1.8 
Injuries to the hip & thigh 28.2 
Injuries to the knee & lower leg 9.3 
Injuries to the ankle & foot 1.3 
Injuries involving multiple body region 0.1 
Injuries to unspecified parts of trunk, limb or body region 0.8 
Other & unspecified effects of external causes 0.1 
Certain early complications of trauma 0.3 
Total 100.0 
 
1.1.2.2 Economic costs 
 The Netherlands is one of the countries facing to challenge of aging population. The Netherlands 
is still relatively young in comparison with most of European countries, but this country is aging fast. 
Because of that, the Netherlands has been concentrated on older people’s health, autonomy, and welfare 
(Smits, van den Beld, Aartsen, & Schroots, 2014). There, the ratio of older people aged 65 or over was 15% 
in 2008, but is expected to be 25% in 2040 (Statistics Netherlands, 2009). In the period 2007 ~ 2009, around 
72,000 older people out of 16.5 million whole population visited the Emergency Department annually with 
fall related injuries. An average of 9,370 euros was spent per case, total 674.5 million euros. 85% of total 
costs were due to people aged over 75 (Hartholt et al., 2011). 
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Table 3. Annual number of national estimated fall cases, incidence rate, costs for older people in the 
Netherlands in 2007-2009 (Hartholt et al., 2011) 
Age group Estimated cases Incidence rate (%) Costs per case (€) Total costs1 
65 ~ 69 11,525 16.0 3,880 44.7 
70 ~ 74 12,050 20.4 4,660 56.1 
75 ~ 79 13,906 29.1 9,130 127.0 
80 ~84 15,046 44.0 10,830 163.0 
85+ 19,430 72.5 14,600 283.7 
Total older 
people (65+) 
71,958 30.0 9,370 674.5 
 
Older people’s falls cause an economic burden not only to the Netherlands, but also to other 
developed western countries. In the United States, the total direct medical cost for fall-related injuries for 
older people was 23.3 billion USD in 2008, and 1.6 billion USD was reported as the fall-related cost in the 
United Kingdom (Davis et al., 2010). These expenditures are expected to be 55 billion USD in 2020, 
increasing the at-risk sample. 0.85~1.5% of total healthcare expenditures were related with studies about 
fall-related costs (Heinrich, Rapp, Rissmann, Becker, & König, 2010). 
 
 
1.2 Literature Review 
 
1.2.1 Fall Risk Factors for Older People 
 Fall risk factors for older people can be categorized as intrinsic factors and extrinsic factors (Kenny 
et al., 2011). Intrinsic factors are personal factors relating to individual characteristics such as age, 
functional abilities, chronic diseases and gait problems (Sartini et al., 2010). Extrinsic factors include fall-
related hazards in indoor and outdoor environments, such as poor fitting footwear, slippery floor conditions, 
tripping hazards, lack of stair railings or grab bars, unstable furniture, and poor lighting (Axer, Axer, Sauer, 
Witte, & Hagemann, 2010). A list of fall risk factors including intrinsic risk factors and extrinsic risk factors 
referred to the study of Ambrose, Paul, and Hausdorff (2013) (see Table 4). 
 
                                                          
1 Unit of total costs was million euro. For example total costs for age group of 65 ~ 69 were 44.7 million euro. 
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Table 4. List of fall risk factors 
Intrinsic risk factors for falls 
Demographic 
Age 
Gender 
Race 
Systems 
Balance and gait 
Strength 
Vision 
Cognition 
Symptoms/diseases 
Dizziness/vertigo 
Cardiovascular disease 
Dementia 
Depression 
Fear of fall 
Medications  
Extrinsic risk factors for falls 
Home environment  
Footwear  
Outdoor environment  
…  
 
1.2.1.1 Intrinsic fall risk factors 
A. Age 
Increased age comes with a higher probability, not only of falls, but also of sustaining severe 
injuries due to falls.  In general, one-third of community-dwelling older people aged 65 or over experience 
falls and half of community-dwelling older people aged 80 or over experience falls annually (Stalenhoef, 
Crebolder, Knottnerus, & van der Horst, 1997). According to Ambrose et al. (2013) older adults aged over 
85 have four times the rate of fall related injuries compared to adults between 65 and 74 in the US. This is 
related to aging. Aging is associated with a deterioration of physiological systems, such as musculoskeletal, 
cardiovascular, visual, vestibular, somatosensory, coordination, cognitive and so on, which makes the risk 
of a fall increase (Segev-Jacubovski et al., 2011). 
 
B. Gender 
 Women have a higher probability than men of experiencing falls and sustaining injuries due to falls 
(Lim, Park, Oh, Kang, & Paik, 2010; Stevens & Sogolow, 2005). However, fatal injuries caused by falls 
occur to men more often than women (Stevens et al., 1999). The reason why women experience falls more 
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than men is that women are not active in physical activities and have less strength in the lower extremity 
comparing to men (CDC, 2014; Oman, Reed, & Ferrara, 1999). On the other hand, this trend changes with 
advancing age. Of adults aged  85 or over men are faced with more falls than women (Grundstrom, Guse, 
& Layde, 2012). 
 
C. Race 
 Grundstrom et al. (2012) investigated race as a fall risk factor. There were 4 races identified in the 
study: 1) White, 2) Black or African American, 3) Asian, Hawaiian, or Pacific Islander, 4) American Indian 
or Alaska Native. American Indian or Alaska Native had the highest rate in terms of the occurrence of falls 
and fall-related injuries, and whites were second. Commonly whites have the highest fall risk, according to 
Ellis and Trent (2001), accounting for one-fourth of all injuries due to falls (24%). This value was almost 
twice as high as the proportion for Asian/Pacific Islanders (13%), and three times as high as the proportion 
for blacks (7%) and Hispanics (8%). 
 
D. Balance and gait 
 Balance and gait are reported by multiple previous studies as critical fall risk factors. Balance has 
a crucial role in maintaining a static balance and stabilizing dynamic movements (Manchester, Woollacott, 
Zederbauer-Hylton, & Marin, 1989). The balance system is composed of sensorimotor control systems 
including sensory input, integration of that sensory input, and motor output. It allows humans to see clearly 
when moving, identify orientation with respect to gravity, determine direction and speed of movement, and 
make automatic postural adjustments to maintain posture and stability in various conditions and activities 
(Watson & Black, 2008). Since balance is essential for mobility and postural stability, disordered balance 
can lead to falls (Noohu, Dey, & Hussain, 2014). 
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Figure 4. Interaction of various components involved in balance control (Noohu et al., 2014) 
 
 Gait abnormalities is considered the best predictor of fall history (Ganz, Bao, Shekelle, & 
Rubenstein, 2007). In the epidemiology of falls, 50% of falls occur during some form of locomotion. Most 
of them happen with problematic walking systems such as vulnerability in initiating and terminating gait, 
turning, avoiding obstacles (altering step length, changing direction, stepping over objects), or bumping 
into people and objects (Winter, 1995). Decreased gait speed, increased stride time and length make the 
probability of fall-occurrence increase in general (Hausdorff, Rios, & Edelberg, 2001; Samah, Nordin, 
Shahar, & Singh, 2015). 
 
E. Strength 
 Generally muscle strength becomes weak with aging (Evans & Grimby, 1995). Muscle strength, 
especially lower limb strength, has an influence on the likelihood of sustaining a fall. Impaired lower limb 
strength and size contribute to falls directly (LaStayo, Ewy, Pierotti, Johns, & Lindstedt, 2003). Weak lower 
extremity strength raises problems in recovering stability when older people encounter external 
perturbations like slips and trips during their locomotion (Han & Yang, 2015). By exercising their lower 
extremities, older people’s risk of falling decreases and mobility is improved (Buchner et al., 1997; LaStayo 
et al., 2003). 
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F. Vision 
 Vision is one of the sensory inputs which composes the balance system. It plays an important role 
in stabilizing balance by providing the nervous system with continually updated data about the position and 
movement of body segments in relation to each other and the environment (Lord, 2006). Fall risk factors 
associated with vision impairment include poor visual acuity, reduced contrast sensitivity, poor depth 
perception, self-reported poor vision, and visual field loss (BOptom, Cumming, Mitchell, & Attebo, 1998; 
Ivers, Norton, Cumming, Butler, & Campbell, 2000). When people stand with closed eyes, postural sway 
increases 20 – 70%, and poor performance in distant contrast sensitivity and depth perception also affect 
postural sway (Lord & Menz, 2000). 
 
G. Cognition 
 Cognitive processes use and modify the information obtained from sensory systems to regulate and 
produce behavior (Yogev‐Seligmann, Hausdorff, & Giladi, 2008). Older people have poor performances in 
cognitive tasks, specifically an increased reaction time compared to young people (Brauer, Woollacott, & 
Shumway-Cook, 2001; Eichhorn, Orner, Rickard, & Craik, 1998). Cognitive process is associated with 
balance stability. Someone who has impaired balance control systems has a great reduction in cognitive 
process and poor performance in recovering balance stabilization (Brauer et al., 2001). 
 
H. Dizziness & Vertigo 
 In a recent meta-analysis of risk factors of falls in community-dwelling older people, vertigo was 
one of the strongest predictors of falls (Deandrea et al., 2010). According to Ekwall, Lindberg, and 
Magnusson (2009), dizziness causes not only falls but also a low quality of life in general. They found that 
31% of subjects with dizziness experienced falls in the last 3 months, while the ratio of falling for subjects 
without dizziness was 15%. Also, around half of people with dizziness were feeling depression, and people 
with dizziness tended not to do light or heavy exercise compared with people without dizziness. 
 
I. Cardiovascular disease 
 Cardiovascular diseases are a group of disorders of the heart and blood vessels (WHO, 2015). Heart 
attacks and strokes are usually acute events and are mainly caused by a blockage that prevents blood from 
flowing to the heart or brain. The causes of heart attacks and strokes are usually the presence of a 
combination of risk factors such as tobacco use, unhealthy diet and obesity, physical inactivity and harmful 
use of alcohol, hypertension, diabetes and hyperlipidemia. Thaweewannakij, Suwannarat, Mato, and 
Amatachaya (2016) conducted a small sample study and found that 22.2% of older people with 
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hypertension experienced a single fall, and 44.4% of older people with hypertension experienced multiple 
falls in the last 6 months. 
 
J. Dementia 
 Dementia increases the risk of falling by impairing judgment, gait, visual-spatial perception, and 
the ability to recognize and avoid hazards (Buchner & Larson, 1987; Rubenstein, Josephson, & Robbins, 
1994). Older people with dementia were nearly twice as likely to fall as those without dementia, and because 
of more falls, the possibility to receive injuries was also higher (Van Doorn et al., 2003). 
 
K. Depression 
 As depression is a common problem for community-dwelling elderly people, 15 – 20% of them 
have mild depressive symptoms (Blazer & Williams, 1980; Macdonald, 1997). Depression was considered 
as a fall risk factor in a number of previous studies (Biderman, Cwikel, Fried, & Galinsky, 2002; Gaßmann, 
Rupprecht, & Freiberger, 2009), because several physical risk factors of falling such as impaired balance, 
reduced muscle strength, and slowed gait speed have been linked with depression (Hausdorff, Nelson, et 
al., 2001). The risk factors of experiencing falls associated with depression was independent of the presence 
of a higher physiological fall risk and poorer executive functioning, and use of antidepressant medication 
also lead to falls (Kvelde et al., 2015). 
 
L. Fear of fall 
Fear of fall is common problem in older people. It has been reported that at least 25% of older 
people have a fear of falling (Kempen et al., 2008). According to one study, 86.7% of fallers had a fear of 
falling (Yoo, 2010), and 68.5% of older people who have a fear of falling experienced at least one fall in 
the past 3 months (Boyd & Stevens, 2009). Also, the fear of falling is a post-fall syndrome as well as a fall 
risk factor (Legters, 2002), and it is an independent risk factor for low quality of life, activity restriction, 
and loss of independence (Hadjistavropoulos, Delbaere, & Fitzgerald, 2011). Fear of falling has a strong 
relationship with poor postural control. Generally, older people with a fear of falling have a ‘stiffening 
strategy’. When adopting the stiffening strategy, people reduce the range of motion of their center of mass 
by reflexively co-contracting the tibialis anterior, soleus, and gastrocnemius muscles, resulting in a lower 
amplitude and higher frequency postural sway (Young & Williams, 2015). 
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M. Medication 
 Some of medications have affected fall in older people. Fall-risk medications were identified from 
the STOPP criteria, START criteria, 2003 and 2012 Beers criteria, which are benzodiazepines, 
anticholinergics, digoxin, specific opiates, barbiturates, psychotropic, zolpidem, muscle relaxants and so 
on (Hohmann, Hohmann, & Kruse, 2014). 
 
1.2.1.2 Extrinsic fall risk factors 
A. Home 
 According to Nachreiner et al. (2007), over 60% of falls happen in the home (living room, 
kitchen/dining room, bedroom, bathroom). There are various fall hazards in the home, such as slippery 
surfaces of stairs, loose rugs, insufficient lighting and so on (WHO, 2008). Previous studies suggested that 
most homes occupied by older adults have at least four falling hazards that are involved in 30-40% of in-
the-home falls (Carter, CAMPBELL, SANSON-FISHER, REDMAN, & GILLESPIE, 1997; Stevens, 
Mahoney, & Ehrenreich, 2014; Wyman et al., 2007). CDC suggested several steps to prevent falls in the 
home. 
 
Table 5. Checklist to reduce fall risk at home (CDC, 2013) 
 Remove things you can trip over (e.g. papers, books, clothes, shoes) from stairs and places where 
you walk. 
 Install handrails and lights on all staircases. 
 Remove small throw rugs or use double-sided tape to keep the rugs from slipping. 
 Put grab bars inside and next to the tub or shower and next to your toilet. 
 Use non-slip mats in the bathtub and on shower floors. 
 Improve the lighting in your home. As you get older, you need brighter lights to see well. Hang 
lightweight curtains or shades to reduce glare. 
 Wear shoes both inside and outside the house. Avoid going barefoot or wearing slippers. 
 
B. Footwear 
 Poorly-designed footwear increases the risk of falling in older adults. If the soles of shoes don’t 
have enough friction, it causes slips and falls because of a loss of friction between shoes and floor surfaces. 
The available friction should be greater than the required friction between the sole and the ground to prevent 
slips and falls (Chen, Jin, & Lou, 2012). Also footwear with narrow basis of support and high heels increases 
the risk of falling (Hijmans, Geertzen, Dijkstra, & Postema, 2007). Hijmans et al. (2007) investigated 
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footwear that allow people to maintain postural stability by facilitating somatosensory feedback to the foot, 
via the tactile and proprioceptive systems.  
 
C. Outdoor environment 
 Previous studies reported that 36 ~ 62.4% of falls have occurred in outdoor environments (Bath & 
Morgan, 1999; Kelsey et al., 2010; Li et al., 2006; Nachreiner et al., 2007). There are many fall hazards in 
outdoor environments, including sidewalks, streets, curbs, stairs, and parking lots, that can cause slips and 
trips (Kelsey et al., 2010). Because of these hazards, trips are the most common type of fall, and slips follow 
(Nachreiner et al., 2007). 
 
1.2.2 Methods for Fall Risk Assessment 
 
There are many methods to assess the risk of falling in community-dwelling older adults. Methods 
of fall risk assessment can be broadly classified into four types; including questionnaires, functional 
assessment, laboratory-based instrument, and wearable sensors. Questionnaires include self-awareness 
assessment tools such as the Fall Efficacy Scale for measuring fear of falling (Tinetti, Richman, & Powell, 
1990) and Morse Fall Scale (Morse, Morse, & Tylko, 1989). These assessment tools are very simple and 
easy to use, that ordinary people can use these easily without any training. Also, since this method uses 
only questionnaire for assessment, quite low costs are required. However, since this type of assessment tool 
requires subjective evaluation for each item, the results can be biased by instructor’s or user’s personality. 
Performance tests usually include balance assessment tools such as the Berg Balance Scale (Berg, 
1989), Timed Up and Go (Podsiadlo & Richardson, 1991), and Functional Reach (Duncan, Weiner, 
Chandler, & Studenski, 1990). This kind of fall risk assessment method is mainly used to measure balance 
and gait ability. This method includes both subjective and objective measures as assessment tools. For 
example, the Berg Balance Scale mainly uses subjective measures, and each item is scored in accordance 
with scoring criteria; whereas Timed Up and Go or Functional Reach tests measure exact values like time 
and distance objectively. Performance measures require a short time to administer (< 15 min) and do not 
require high costs. However, some assessment tools for performance tests have uncertainty in judgment 
between two close scores, and result values can be biased by a tester’s personal characteristics because the 
assessment method is subjective (Mancini & Horak, 2010). Even if objective measures are used for 
assessment, the measures are oversimplified, so it is hard to find the underlying cause of high fall risk. 
Laboratory-based instruments are utilized to quantify a subject’s balance ability in static and 
dynamic posturography. These instruments can assess stability parameters such as postural sway, force, 
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moment, position of center of pressure (COP), and velocity (Liu, Zhang, & Lockhart, 2012). Force plate, 
motion analysis system, balance master have been included in these kinds of instruments (Liu et al., 2012; 
Mancini & Horak, 2010). However, the assessments utilizing these instruments often fail to work within an 
industrial setting because of strict constraints of the environment or location, high cost, large size, and 
weight (Howcroft, Kofman, & Lemaire, 2013; Liu et al., 2012). 
Another emerging method for fall risk assessment is using wearable sensors. This method can 
overcome drawbacks of laboratory-based instruments in terms of low costs, small size, wireless data 
transfer, and requiring limited location for computerized testing (Mancini & Horak, 2010). With these 
properties of wearable sensors, this method can enable experiments to be conducted under conditions 
similar to real situations (Liu et al., 2012). Inertial sensors, such as gyroscopes, accelerometers, and 
magnetometers are devices for this method (Howcroft et al., 2013; Liu et al., 2012). However, adaptive 
algorithms should be developed and applied to utilize data from wearable sensors. 
 
Table 6. Summary of methods for fall risk assessment 
Fall risk assessment 
methods 
Typical examples Comments 
Questionnaires 
Fall Efficacy Scale  Easy to use 
 Short time required 
 Biased results 
Morse Fall Scale 
Fall Risk Assessment Tool 
Performance tests 
Berg Balance Scale  Easy to use 
 Uncertainty in scoring 
 Oversimplified measures 
Functional Reach test 
Timed Up and Go test 
Laboratory-based 
instrument 
Force plate  Assessment for various 
parameters 
 Constraints in cost, space and 
portability 
Motion analysis system 
Balance master 
Wearable sensors 
Gyroscopes  Portable and relatively low  
cost 
 Complex algorithms 
Accelerometers 
Magnetometers 
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1.3 Research Rationale 
 
The literature review showed that there are various fall risk factors in community-dwelling older 
adults, and different methods have been developed in assessing fall risks. Korea is one of countries facing 
the aging population issue (Statistics Korea, 2014), but there are quite limited researches for fall risks in 
Korean older people (Park et al., 2008). Most of statistical data for fall risks in Korean older people aimed 
at inpatients or people in clinical homes, even the sample size was not enough (Lim et al., 2010). A few 
studies conducted researches about fall risks in Korean community-dwelling older people. However, those 
studies focused on who lacking in their independence of daily activities such as cleaning the room and 
taking bath or shower (Lim, 2010; Yoo, 2010). 
Effective ways of fall prevention were also not clarified in Korean older people. Although lots of 
interventions were proposed for fall prevention, the initial step of fall prevention is to assess fall risks (Perell 
et al., 2001). Among four fall risk assessment methods mentioned 1.2.2-Methods for fall risk assessment, 
fall risk assessment tools, which commonly covering questionnaires and performance measures, are the 
most widely used method to assess fall risks in older people including those in hospitals and nursing homes, 
because those tools are simple and easy to use as well as requiring a short time and low costs (Myers, 2003; 
Perell et al., 2001). However, although a number of fall risk assessment tools have been developed, not all 
of them are valid for assessment of fall risks (Wyatt & Altman, 1995). Because of this reason, previous 
studies compared several fall risk assessment tools to find effective ones. Vassallo, Stockdale, Sharma, 
Briggs, and Allen (2005) investigated the predictive accuracy of four fall risk assessment tools, including 
Downton, STRATIFY, Tullamore, and Tinetti Balance Measures. This study suggested STRATIFY as the 
most accurate one among the four tools for classifying the faller group and non-faller group. Shee, Phillips, 
and Hill (2012) also compared two fall risk assessment tools (BHS FRAT and TNH-STRATIFY) in terms 
of discriminant ability, and the TNH-STRATIFY showed better performance. However, the target group in 
these two studies was older people in acute medical care. Lin et al. (2004) conducted a study about 
psychometric comparisons of four assessment tools, including Timed Up and Go, One Leg Stand, 
Functional Reach, and Tinetti Balance Measures in community-dwelling older people, but they focused on 
psychometric properties of the investigated tools only, not the abilities on fall classification. Additionally, 
because all studies were not on Korean elderly population, it is not clear which fall risk assessment tools 
are suitable for identifying fall risks in Korean older people. 
On the one hand, the existing fall risk assessment tools have several drawbacks as follow; these 
could induce biased-results from operator’s characteristics, and cause ceiling effects due to subjective or 
oversimplified objective measurements (Mancini & Horak, 2010; Yelnik & Bonan, 2008). Because of these 
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drawbacks, existing fall risk assessment tools have an insufficient predictive accuracy for community-
dwelling older people while these kind of assessment tools have high accuracy for older people who have 
health problems. The Berg Balance Scale had 77% sensitivity and 74% specificity in distinguishing fallers 
and non-fallers with Parkinson’s disease (King, Priest, Salarian, Pierce, & Horak, 2011). Timed Up and Go 
also had high sensitivity and specificity (both were 87%) in a study for distinguishing faller and non-faller 
groups with fall criteria as two or more falls in recent 6 months (Shumway-Cook, Brauer, & Woollacott, 
2000). Whereas, the discrimination validity in these fall risk assessment tools become low in community-
dwelling older people. The Berg Balance Scale had lower predictive accuracies; 25% sensitivity but 87% 
specificity, or 61% sensitivity and 53% specificity (Muir, Berg, Chesworth, & Speechley, 2008) and the 
Tinetti Balance Measures also had 70% sensitivity but 52% specificity for community-dwelling older 
people (Raîche, Hébert, Prince, & Corriveau, 2000). 
To improve the validity in fall risk assessment tools, systematic assessment tools have been 
developed. The Balance Evaluation System test (BESTest) and the Physiological Profile Approach (PPA) 
are the representative examples. The BESTest has 36 test items grouped into 6 system categories, including 
biomechanical constraints, stability limits/verticality, anticipatory postural adjustments, postural responses, 
sensory orientation, and stability in gait (Horak, Wrisley, & Frank, 2009). The PPA is focusing on assessing 
five physiological risk factors such as vision, peripheral sensation, muscle force, reaction time, and postural 
sway (Lord, Menz, & Tiedemann, 2003). However, the BESTest is only focusing on balance-related risk 
factors among a number of fall risk factors. The PPA is even effective in finding underlying reasons of falls, 
whereas this tool makes costs higher and time longer since it requires specialized equipment, and result 
data should be handled by computer processing (Lord et al., 2003). 
 
 
1.4 Research Objectives & Organization 
   
The objectives of this study were to identify characteristics of fall risks and to assess fall risks in 
Korean community-dwelling elderly. To comprehend the fall-associated characteristics in Korean older 
people, detailed information of fall risks in Korean older people was investigated. For the assessment of 
fall risks, a guideline on choosing appropriate fall risk assessment tools was provided to the Korean general 
elderly population, and a new fall risk assessment tool was developed in compensating the drawbacks of 
the existing fall risk assessment tools. The findings of this study will contribute to not only discovering the 
characteristics of falls in Korean older people and effective assessment tools for their fall risks, but also 
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providing a new systematic fall risk assessment tool which can assess various fall risk factors by utilizing 
objective measures. 
 For these objectives, a fall risk profile to investigate the characteristics of falls in Korean 
community-dwelling older people was made first. Data about fall histories, circumstances of falls, and 
consequences of falls were collected (Chapter 2). After collecting data about fall characteristics in Korean 
community-dwelling older people, effective fall risk assessment tools in Korean community-dwelling older 
adults were investigated. Widely used fall risk assessment tools were compared in terms of validity and 
practicality, and the most suitable one was recommended to Korean older people (Chapter 3). Lastly, a new 
fall risk assessment tool was developed to redeem defects in existing assessment tools such as an insufficient 
predictive accuracy for community-dwelling older people, biased scoring as instructors, and focusing on a 
specific part of fall risk factor (Chapter 4), and then the effectiveness of this tool was investigated for 
Korean community-dwelling older people (Chapter 5).  
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II. FALL PROFILE OF KOREAN OLDER PEOPLE 
 
2.1 Introduction & Objective 
 
In 2014, the population of Koreans aged 65 or over accounted for 12.7% of the overall population. 
This proportion is expected to  increase dramatically to 24.3% in 2030 and 40.1% in 2060 (Statistics Korea, 
2014) (see Figure 6). Meanwhile elderly people face various dangers due to weakening of their physical 
ability by aging. Among these dangers, falling which  occurs by weakened musculoskeletal system is 
regarded as the most dangerous accident for older adults (Shin et al., 2010). 
 
 
Figure 6. Population ratio change of Korean elderly people, 1990 ~ 2060 (Statistics Korea, 2014) 
 
Around 10 ~ 30% of community-dwelling elderly people experience falls, and it causes a variety 
of physical injuries. 30% of elderly people who fall have abrasions or strain/sprains and 10% have fractures 
which restrict their physical functions, mobility and independence, and some have even been fatally injured. 
Also falls cause not only physical problems but also mental problems such as the fear of falling (Berry & 
Miller, 2008; Boyd & Stevens, 2009; Shin et al., 2010). 
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To avoid these kinds of injuries, the prevention of falls is important above all things. By recording 
and analyzing the history of older people’s falls, valuable information associated with falls might be 
identified. For example, which environmental hazards affect falls critically or which fall-circumstances are 
occurred frequently might be identified, and these information could be used to prevent older adults’ falls 
usefully. Western countries which have the most aging population already have lots of reports about 
epidemiology of falls or prevention of fall injuries (Currie, 2008; Milat et al., 2011; Panel, 2001). In Korea, 
there are also several reports about occurrence of falls. Yoo (2010) investigated prior fall histories, location 
of falls, type of falls, footwear types, injured site and so on for Korean elderly people. Lim et al. (2010) 
also researched the consequence of falls, fall-related factors, and risk factors in Korean older people. 
However, these previous studies included persons who had problem in walking or activities of daily living 
such as shopping for groceries or clothes, preparation of meals and so on. Also, since these studies used a 
telephone survey to collect data, it is possible for participants to provide answers with inattention. 
This study is aimed at drawing up a fall profile for community-dwelling elderly Korean people to 
report characteristics of their falls. To make the fall profile, fall histories in Korean older people were 
investigated by looking at the number of fallers (who experienced fall) and injured fallers, locations of the 
accidents, fall circumstances, types of injuries, and injured body parts. 
 
 
2.2 Methodology 
 
2.2.1 Participants 
The recruitment of participants in this study followed three criteria; 1) female, 2) aged 65 or over, 
and 3) able to walk independently without using any assistive devices in their daily walking. The subjects 
were recruited from three welfare centers for elderly in Ulsan City in Korea by advertising the experiment 
in big size classes (class size: 50~100 people) or putting up the advertisement on the board in the center. 
The participants were selected randomly among someone who have interest in the experiment and satisfy 
the recruitment criteria. Totally, 200 people participated in the survey, and the age distribution of all 
participants is shown in Table 7. 
The age range of sample population was 71.87 ± 4.72 (range: 65-84) and all of them were 
community-dwelling older people. The community-dwelling is one of the categories for classifying into the 
settings for older people, ‘community-dwelling older people’ is older persons who have lived in their own 
homes and the communities for most of their lives (from WHO global report on falls prevention in older 
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age). Although all participants don’t have difficulty in their daily walking, their health condition was 
various. 40.5% of participants had bad condition in their joints, especially in the knee and lower back, and 
51.7% of them received treatments such as surgery, injection, and therapy. 
 
Table 7. Age distribution of whole participants 
Age range Number of participants 
65 ~ 69 68 
70 ~ 74 79 
75 ~ 79 38 
80 + 15 
Total 200 
 
 
2.2.2 Data collection 
Data on falls were collected from the two community welfare centers mentioned above. The method 
of data collection was one on one face to face interview using a questionnaire, each interview taking around 
10 minutes per subject. A fall was defined as an unexpected loss of balance resulting in the person coming 
to rest on the floor, the ground, or an object below the knee level (Lach et al., 1991). Two criteria of falling 
were used, one was single fall within the last year which is used the most widely (Bongue et al., 2011; 
Demura, Kasuga, Sato, Sato, & Shin, 2013; Shin, Kang, Jung, Kim, & Lee, 2012). The other was multiple 
falls within the last 5 years or single fall causing requiring medical attention within 1 year (Greene et al., 
2012). Including these two criteria of fall history, the questionnaire covered question items about fall 
experience, injuries, and locations. Table 8 shows the form of questionnaire used. 
 
Table 8. Survey items used in interview 
Question number Question items 
1 How many times did you fall within recent 1 year? 
2 How many times did you fall within recent 5 years? 
3 Where did you fall, and how did you fall? 
4 Which kinds of injuries did you have, and which parts did you injure? 
5 Did you get treatment in a hospital? 
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2.2.3 Data analysis 
 Qualitative research methods were used for analyzing survey data. Especially question number 3 
and 4 had various responses, responses were grouped together with those which had similar properties and 
the groups were given names. For example, if one fell down because tripped on a curb and another fell 
down because tripped on wire, these two circumstances were dealt with same property and included in ‘Trip 
on obstacles’. Also injury types followed medical terms.  
 
 
2.3 Results 
 
2.3.1 Fall risk of Korean elderly people 
The total number of older adults who participated in this research were 200. Out of these 200 older 
adults, 77 people experienced at least one fall in recent 1 year. Amongst these 77 fallers, 19 fallers weren’t 
injured and the others suffered from minor to severe injuries. The ratio of older people who experienced a 
fall was 38%. The falls caused various injuries. Among the 77 fallers, 75% of fallers got injuries regardless 
of severity of injuries, and only 25% of fallers didn’t receive injuries. 
 
 
Figure 7. Ratio of faller amongst participants (left) and proportion of injured older people among fallers 
(right) 
 
The ratio of fallers were changed based on age. For the first fall criterion (single fall within 1 year), 
there were 68 participants in the 65-69 age group and the number of fallers was 29 (42.6%). Amongst those 
aged 70-74, there were 79 participants and 29 fallers (36.7%). For participants who were aged 75-79, there 
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were 38 participants and 11 fallers (28.9%), and there were 8 fallers out of 15 people aged 80 or over. For 
the second fall criterion (multiple fall within 5 years & one fall causing injuries within 1 year), there were 
25 fallers out of 66 people aged 65-69 (37.9%), 25 fallers out of 75 people aged 70-74 (33.3%), 10 fallers 
out of 34 people aged  70-74 (29.4%), and 9 fallers out of 14 people aged 80 or over (64.3%). 
 
Table 9. Ratio of fallers by age difference 
Age range Single fall within 1 year 
Multiple fall within 5 years & One 
fall causing injuries within 1 year2 
65 ~ 69 42.6% 37.9% 
70 ~ 74 36.7% 33.3% 
75 ~ 79 28.9% 29.4% 
80 + 53.3% 64.3% 
 
 
2.3.2 Location fall occurred and circumstances of fall 
There were various places the falls happened. The places can be separated into those that took place 
inside the home and those outdoors. Among 96 fall occurrences, 76 falls occurred outside the home and the 
other 20 falls happened inside the home. There were ‘Road’, ‘Mountain’, ‘Bus’, ‘Stair’, ‘Ground crosswalk’, 
‘Bathhouse’, ‘Car’, ‘Workplace’, and ‘Market’ as outdoor fall-locations, and for inside the home, all places 
were integrated as ‘House’ except ‘Bathroom’ because a bathroom has a different property in surface 
conditions. Among all fall-locations, ‘Road’ was the most frequent (51%) followed by ‘House’ (16.7%). 
 
Figure 8. Proportions of fall-occurred place types 
                                                          
2 The information of fall histories for the second fall criterion was missed for 11 subjects because this information was collected 
later for first 20 subjects. 
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Figure 9. Fall-occurred locations 
 
As the circumstances of falls, ‘Trip on the obstacles’ was the most common circumstance of fall 
(28.26%). Many older people tripped on any prominent things on the ground such as the curb, uneven floor 
outdoors or on a carpet or wire inside the home. This circumstance usually happened on the road or in the 
home. The second most common circumstance was ‘Slip on the surface’ (25%). This circumstance usually 
occurred in places which had slippery floor surface due to water, ice or slippery materials. 
‘False step on uneven surface’, and ‘Loss of balance during physical activity’ were the third most 
common circumstances of fall. ‘False step on uneven surface’ also usually happened on roads with uneven 
surface. Notably ‘Loss of balance during physical activity’ had different properties to the other 
circumstances in the survey. This circumstance happened during exercise such as riding a bicycle, climbing 
mountains for health, while the others occurred in normal life. 
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Figure 10. Circumstances of falls 
 
2.3.3 Injured parts, injury types and severity of injury 
Falls make elderly people suffer lots of damage and injuries Three out of four older people who 
underwent falls had severe and minor injuries as shown in Figure 7. ‘Knee’, ‘Ankle’, ‘Palm’ were the three 
most injured body parts. As for the types of injuries, ‘Fracture’ had the largest proportion in the injury type. 
Fractures accounted for 28.17% of all types of injuries. ‘Bruise’ and ‘Abrasion’ tied for the second most 
common injury type with 19.72%.  
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Figure 11. Injured body parts 
 
 
Figure 12. Types of injuries 
 
 The severity of injuries can be classified as no injury, minor injury, moderate injury, and severe 
injury (Hitcho et al., 2004). According to this classification, each category has several types of injuries. 
Table 10 shows which types of injuries are included in each level of injury severity.  
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Table 10. Classification of severity of injuries based on injury types 
Injury Severity Types of injuries 
No injury  
Minor Minor cuts, minor bleeding, skin abrasions, swelling, pain, minor contusions 
Moderate 
Excessive bleeding, lacerations requiring sutures, temporary loss of 
consciousness, moderate head trauma 
Severe 
Fractures, subdural hematomas, other major head trauma, cardiac arrest, and 
death 
 
Evaluating the severity of injuries for Korean elderly people based on Table 11, ‘Abrasion’, 
‘Contusion’, ‘Bruise’ and ‘Sprain/Strain’ are classified as minor, and ‘Inflammation’, ‘Rupture’ and 
‘Laceration’ are categorized as moderate. Only ‘Fracture’ is classified as severe. Among 58 injured fallers, 
31 fallers received treatments as an inpatient or outpatient from hospital. 
 
Table 11. Proportions of injury severities 
Injury Severity Types of injuries Proportion (%) 
Minor Abrasion, Bruise, Swelling, Minor sprain/strain 52.1 
Moderate Contusion, Inflammation, Rupture, Laceration, Sprain/Strain 19.7 
Severe Fracture 28.2 
 
 
Figure 13. Proportion of fallers who received treatment  
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2.4 Discussion 
 
This study investigated the characteristics in Korean older adults’ falls. Among Korean female 
community-dwelling older people, 38% of them experienced at least one fall within recent 1 year and 40% 
of them experienced multiple falls within recent 5 years. For the adults over 80 year-old, 53.3% of them 
experienced falls within 1 year and 64.3% of them experienced recurrent falls in last 5 years. Previous 
studies reported 29 ~ 40% of older people falls annually, and in case of adults aged 80 or over, the ratio 
was almost 50%. Thus the fall proportions in this study were quite consistent with previous studies. (Hale, 
Delaney, & McGaghie, 1992; Hausdorff, Rios, et al., 2001; Inouye, Brown, & Tinetti, 2009; Lord, Ward, 
Williams, & Anstey, 1994; O'Loughlin, Robitaille, Boivin, & Suissa, 1993; Panel, 2001; Tinetti et al., 1988).  
The current study found that outdoor falls occurred around four times more than indoor falls. The 
predominance between indoor falls and outdoor falls has varied in different studies. Bergland, Jarnlo, and 
Laake (2003) and Li et al. (2006) investigated fall risks in older people in Norway and US respectively. 
These two studies reported outdoor falls are more common than indoor falls, the proportions of outdoor 
falls were 57.5% and 73.0% respectively. On the other hand, Nachreiner et al. (2007) and Tripathy et al. 
(2015) reported indoor falls are more general (61% and 68% respectively). According to Bath and Morgan 
(1999), the predominance between indoor falls and outdoor falls depends on level of frailty in the sample 
population. Indoor falls occur more frequently among those who are more frail, whereas outdoor falls are 
more likely to happen to active adults who have higher chance to meet environmental hazards from outside. 
Actually, 84.1% of sample population self-reported their health condition is excellent or good and there 
were no big health problems in studies that outdoor falls were dominant, while the sample population in the 
studies that indoor falls were dominant had several diseases such as hypertension, diabetes, and stroke. In 
case of this study, the participants was relatively active. They usually spend lots of time for outdoor 
activities before evening and most of them exercise at least twice a week regularly. Therefore, it is a 
reasonable result that outdoor falls had a bigger proportion than indoor falls in this study. For the fall 
circumstances, trips and slips were the most common circumstances leading to falls, it accounted for 53.26% 
among all circumstances in this study. This result was quite consistent with previous studies, different 
studies reported that over half of fall circumstances was trips and slips (Bergland et al., 2003; Nachreiner 
et al., 2007; Yoo, 2010). 
According to this study, 75% of older people who experienced fall suffered injuries and around 
half of them received treatments in hospitals. Milat et al. (2011) investigated the older people in Australia, 
66.1% of fallers suffered injuries and 30.7% received treatments in hospitals. Bergland et al. (2003) reported 
50.6% of falls resulted in injuries for older people in Norway. Focusing on the injury types, the most 
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common injury was fractures (28.2%) in an individual injury, but minor injuries were the most common 
injury type in terms of an injury severity (52.1%). Generally, minor injuries comprised bigger proportions 
than severe injuries such as fractures, Milat et al. (2011) reported minor injuries like cuts, grazes or bruise 
accounted for 71% of whole injury types while fractures accounted for only 8.5%. Nachreiner et al. (2007) 
also reported 66% of injuries were minor, 20% of injuries were moderate, and only 13% of injuries were 
major. The general proportion of fractures was 10 ~ 15% of injuries by falls (Berry & Miller, 2008), it was 
slightly different with results in this study. One possible reason is that the sample population in this study 
might not consider very minor injuries such as light cuts or grazes as injuries. When they do exercise or 
outdoor activities, they might sometimes receive very minor injuries, but because it doesn’t make 
discomfort or economic loss, they wouldn’t call this injuries grandly and didn’t answer in the interview. As 
for the injured parts, knees were the most frequently injured part (22.3%) followed by ankles (11.1%), 
palms (9.9%), and arms (9.9%). A fall mechanism can support this result, over 60% of elderly’s falls is to 
fall forward (O'neill et al., 1994), and it would make their knees and hands hit the ground. 
 
 
2.5 Conclusion 
 
The purpose of present study was to make a fall risk profile for Korean community-dwelling older 
adults. 38% of community-dwelling older people experienced falls during a certain period, 75% of them 
received severe and minor injuries. Outdoor environments made more falls than indoor, especially roads, 
which caused over half of falls among total number of falls. In circumstances of falls, trips and slips were 
predominant. Knees were the most frequently injured parts, and minor injuries were the most common 
injury type. Over half of injured older people received treatment in hospital regardless inpatient and 
outpatient. 
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III. COMPARISON OF FALL RISK ASSESSMENT TOOLS IN KOREAN 
COMMUNITY-DWELLING OLDER ADULTS 
 
3.1 Background & Objective 
 
One third of community-dwelling people aged 65 years or over experience at least one fall per year 
(Rubenstein, 2006). Falls are not only the leading cause of death and nonfatal injury-related hospitalization 
in older people (Marschollek et al., 2011), but also induce ‘post-fall syndrome’ such as fear of falling and 
social isolation (Cumming et al., 2000; Legters, 2002). Therefore, it is critical to prevent falls from 
happening (Kim, Mordiffi, Bee, Devi, & Evans, 2007; Lockhart, Grönqvist, & Chang, 2005). 
Early identification of individuals with a higher risk of falling is important for effective fall 
prevention (Lockhart & Liu, 2008). Various fall risk assessment tools have been developed in the past two 
decades to evaluate fall risks and to screen out ‘at high risk’ individuals. In general, the assessment tools 
have been evolved from simple questionnaires, clinical scales, and physical performance measures, to 
sophisticated equipment in the laboratory setting. However, it is time-consuming to use all of these tests 
and performance measures for each individual, and some of them may be inappropriate for all elderly 
populations (Lin et al., 2004). Therefore, it is important to systematically compare different assessment 
tools in terms of reliability, validity and practicality etc, so that relative advantages and disadvantages of 
fall risk assessment tools can be well-understood and general guidelines on choosing appropriate 
assessment tools for specific purposes and situations can be provided. 
Only a few studies have been conducted to cross-compare some developed assessment tools. Lin 
et al. (2004) compared four simple fall risk assessment tools (timed up and go, one-leg stand, functional 
reach, and Tinetti balance) in terms of their practicality, reliability, validity and responsiveness for the 
community-dwelling older people. They found that Tinetti balance was the most suitable tool, followed by 
timed up and go. However, all four investigated tools were mainly for balance and/or gait assessment. Kim 
et al. (2007) evaluated the validity of Morse Fall Scale, St Thomas Risk Assessment Tool, and Hendrich II 
Fall Risk Model to identify patients at high fall risk in an acute care setting. In their study, the investigated 
tools included not only balance test but also activities of daily living and individual psychological factors 
such as depression, and their data suggested Hendrich II Fall Risk Model was the best and potentially useful 
in identifying patients at high risk for falls in acute care facilities. However, their study was for older 
patients in an acute care setting and the findings may be limited in generalizability to the general elderly 
population. 
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The aim of this study was to compare validity and practicality of seven widely used fall risk 
assessment tools for community-dwelling older people. The seven investigated fall risk assessment tools 
include Berg Balance Scale-BBS (Berg, 1989), Short Physical Performance Battery-SPPB (Guralnik et al., 
1994), Timed Up and Go-TUG (Podsiadlo & Richardson, 1991), Functional Reach-FR (Duncan et al., 
1990), Mini Balance Evaluation System Test-MiniBESTest (Franchignoni, Horak, Godi, Nardone, & 
Giordano, 2010), short version of Falls Efficacy Scale-SFES (Kempen et al., 2008; Park et al., 2010), short 
form of Geriatric Depression Scale-SGDS (Cho et al., 1999). In order for the fall risk assessment tool to be 
practical in the clinical setting and feasible for older people to undertake, three major criteria were preset 
to select those assessment tools for investigation in this study: (1) the tool is reliable and has been widely 
used in fall studies; (2) the tool is simple and quick to administer within 30 minutes; (3) the tool can be 
applicable for the general elderly population, not limited to certain patient groups. The outcome of this 
study is expected to provide geriatrics health professionals some useful information on choosing appropriate 
fall risk assessment tools for reliably identifying ‘at high risk’ older individuals. 
 
 
3.2 Methodology 
 
3.2.1 Experimental Participants 
One hundred community-dwelling older Korean women (age ≥ 65 years) consisting of fifty fallers 
and fifty matched non-faller controls (Table 12) participated in the experiment. Fall was defined as an 
unexpected loss of balance resulting in coming to rest on the floor, the ground, or an object below the knee 
level (Lach et al., 1991). Based on a self-reported history of falling in the last 12 months, older people who 
had fall experience were categorized as ‘fallers’ and participants without fall history were classified as 
‘non-fallers’. As one year-fall history is a widely used criterion for validity of fall risk assessment tools, 
this information is one of the significant predictors for future falls. Approximately 50% of fallers in the last 
1 year experienced falls repeatedly (Bergland, Jarnlo, and Laake, 2003; Rubenstein and Josephson, 2002). 
Two previous studies also suggested older people who fell in the past year are more likely to fall again, the 
range of likelihood ratio was 2.3~2.8 (Ganz et al., 2007; Stevens, Ryan, and Kresnow, 2007). Significant 
differences in age, height, weight and BMI were not found between non-fallers and fallers (p>0.05). Only 
female subjects were recruited to avoid the potential gender effect on balance and fall risk control (Verghese, 
Holtzer, Lipton, & Wang, 2009). All subjects were able to walk independently without any walking aid. 
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Prior to the participation, each subject provided informed consent on a protocol approved by the university 
institutional review board (IRB No.14-32-A). 
 
Table 12. Characteristics of experimental subjects 
Demographic 
information 
Faller (N1 = 50) Non-faller (N2 = 50) P-value 
Age 72.34 (5.33) 72.50 (4.65) 0.873 
Height 154.12 (4.63) 154.11 (5.49) 0.994 
Weight 59.94 (6.73) 57.84 (6.95) 0.159 
BMI 25.26 (2.87) 24.34 (2.53) 0.092 
 
3.2.2 Experimental Procedure 
The experiment was conducted in one control room of the Ulsan Elderly Welfare Center, the 
circumstances for assessment such as floor conditions and chairs were standardized to minimize the effects 
from possible confounding variables (Lin et al., 2004). The fall history in the previous year of each qualified 
participant was first recorded by a self-reported questionnaire. After collecting the participant’s general 
information such as age, height, weight and briefing the experimental procedure, each participant was asked 
to wear the same type of experimental socks and shoes. Participants’ performance on seven tests were 
examined afterwards. BBS, SPPB, and Mini-BESTest were ordered randomly and conducted first, followed 
by Korean version of SFES (Park et al., 2010) and SGDS (Cho et al., 1999) through questionnaires. Since 
TUG and FR tests were a subset of Mini-BESTest and BBS respectively, these two assessment tools were 
not separately tested again to minimize the possible fatigue for the elderly participants. The length of time 
required to complete each test was recorded for evaluation of the tool’s practicality. To prevent fatigue, 
each subject took a minimum of 1-minute rest between each test, and the whole experiment lasted for 
approximately 45 minutes. 
  
3.2.3 Data Processing and Analysis 
Performance measures from seven assessment tools were obtained for each participant by following 
previously published procedures. Two sample t-tests were then conducted on performance measures to 
identify which assessment tools are sensitive to detect group differences between fallers and non-fallers. 
For those tools sensitive to group differences, a follow-up Receiver Operating Characteristic (ROC) 
analysis (Greiner, Pfeiffer, & Smith, 2000) was carried out to examine the discriminative ability of each 
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tool on classifying fallers and non-fallers and to further determine the optimal cutoff value using Youden 
index (Fluss, Faraggi, & Reiser, 2005). Area under ROC curve (AUC) was used to measure the 
discriminative ability. For the tools of significant discriminative abilities, the odds ratios of performance 
measures were also estimated to ascertain their associations with the history of falls. MedCalc Statistical 
Software version 13.0 (MedCalc software bvba, Ostend, Belgium; http://www.medcac.org; 2014) was used 
for statistical analysis and the significance level was 0.05. 
 
3.3 Results 
 
Table 13 shows the descriptive statistics of performance measures from seven fall risk assessment 
tools for both faller and non-faller groups. Measures from five out of seven tools (BBS, SPPB, TUG, Mini-
BESTest, SFES) revealed significant group differences between fallers and non-fallers (P < 0.05), however, 
there were no significant group differences on performance measures from FR (P = 0.262) and SDGS (P = 
0.053). 
 
Table 13. Descriptive statistics of performance measures from seven fall risk assessment tools for both 
faller and non-faller groups (P-values less than 0.05 are in bold, which indicate significant group differences) 
Fall risk assessment 
tools3 
Faller (N1 = 50) Non-faller (N2 = 50) P - value 
BBS (0 – 56) 52.86 (2.94) 54.98 (1.16) 0.000 
SPPB (0 – 12) 10.38 (1.94) 11.16 (1.12) 0.016 
TUG (Second) 12.42 (2.09) 11.23 (1.24) 0.001 
FR (cm) 24.50 (7.09) 25.95 (5.63) 0.262 
Mini-BESTest4 (0 – 28) 21.00 (3.62) 23.62 (2.72) 0.000 
SFES (7 – 28) 14.76 (5.59) 9.12 (2.00) 0.000 
SGDS (0 – 15) 4.14 (3.25) 2.88 (3.17) 0.053 
 
Follow-up ROC analysis on performance measures of five group-sensitive tools (BBS, SPPB, TUG, 
Mini-BESTest, and SFES) showed that all tools have significant discriminative abilities in distinguishing 
                                                          
3 The range or the unit of the performance measure from each tool is shown in bracket. 
4 Seven subjects didn’t be included in Mini-BESTest since this assessment tool has several items causing safety issue. Detail 
explanation is on Discussion. 
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between fallers and non-fallers (Table 14). More specifically, SFES showed the best discriminative ability 
(AUC = 0.821), followed by BBS (AUC = 0.726), Mini-BESTest (AUC = 0.717), TUG (AUC = 0.673) 
and SPPB (AUC = 0.611). SFES showed high sensitivity (=74%) and high specificity (= 80%), and BBS 
also showed balanced values in sensitivity and specificity, but the values were lower than SFES a little. 
However, SPPB, Mini-BESTest, and TUG had low sensitivity (< 56%) even though the specificity was 
high (≥ 78%). An exemplary ROC curve analysis and the resulted sensitivity & specificity at the optimal 
cut-off value for SFES are shown in Figure 14. 
 
Table 14. Receiver Operating Characteristic (ROC) analysis on performance measures of five tools which 
are sensitive to group differences between fallers and non-fallers 
FRATs P - value 
Area under 
curve (AUC) 
Classification 
accuracy 
Sensitivity Specificity Cutoff 
BBS < 0.0001 0.726 71.0% 66.0% 76.0% 54 
SPPB 0.0388 0.611 59.0% 40.0% 78.0% 10 
TUG 0.0013 0.673 67.0% 44.0% 90.0% 12.28 
Mini-
BESTest 
0.0001 0.717 71.0% 55.8% 84.0% 21 
SFES < 0.0001 0.821 77.0% 74.0% 80.0% 10 
 
 
 
Figure 14. Example of ROC curve (left) and interactive dot diagram (right) of SFES 
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Table 15 shows odds ratios (OR) of performance measures from four remaining tools (BBS, SPPB, 
TUG, Mini-BESTest, and SFES). All odds ratios except SPPB (P = 0.0544) were statistically significant (P 
< 0.05) and SFES had the highest odds ratio (OR=11.38, CI: 4.46-29.08), followed by TUG (OR=7.07, CI: 
2.40-20.81), Mini-BESTest (OR=6.63, CI: 2.52-17.43), BBS (OR=6.15, CI: 2.57-14.73). 
 
Table 15. Odds ratios of BBS, SPPB, TUG, Mini-BESTest, and SFES for identifying fallers 
FRATs Odds ratio (95% CI) P - value 
BBS 6.15 (2.57 – 14.73) 0.0004 
SPPB 2.36 (0.98 – 5.68) 0.0544 
TUG 7.07 (2.40 – 20.81) 0.0004 
Mini-BESTest 6.63 (2.52 – 17.43) 0.0001 
SFES 11.38 (4.46 – 29.08) < 0.0001 
 
Table 16 summarizes the completion time and necessary experimental materials required for each 
fall risk assessment tool. BBS test takes an average 15 minutes to complete, followed by Mini-BESTest 
(average of 13.5 minutes), all other tests take less than 5 minutes to complete. For necessary materials, both 
BBS and Mini-BESTest require at least 5 items, followed by SPPB and TUG (3 items are needed), and FR, 
SFES and SGDS require only a single and easy-to-prepare item (tape measures or questionnaires). 
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Table 16. Completion time and necessary materials for fall risk assessment tools 
Fall risk assessment tools Average completion time (SD) Necessary items or materials 
BBS 15m 9s (1m 13s) 
Chair with armrest and backrest 
Chair without armrest and backrest 
Tape 
Shoe/Slipper 
Stopwatch 
SPPB 3m 17s (12.6s) 
Chair 
Tape 
Stopwatch 
TUG 1m 33s (7.6s) 
Standard chair 
Tape 
Stopwatch 
FR 1m 15s (3.9s) Tape 
Mini-BESTest 13m 31s (43.4s) 
Foam mat 
Firm mat with slope 
Chair with armrest 
Shoe box 
Stopwatch 
SFES 1m 21s (8.1s) SFES Questionnaire 
SGDS 2m 2s (39.2) SGDS Questionnaire 
 
 
3.4 Discussion 
 
The goal of this study is to compare seven widely used fall risk assessment tools for community-
dwelling older people. A proper fall risk assessment tool should manifest both good discriminant validity 
and practicality so that it is not only effective in identifying ‘at high fall risk’ older individuals but also 
feasible for the older people to undertake. More specifically, (1) its performance measure should be 
sensitive to group differences between fallers and non-fallers; and (2) it should show good discriminative 
power in identifying fallers; and (3) it should be simple and quick to administer, feasible for the general 
elderly population. The first two criteria are highly related to the discriminant validity of each tool and the 
third criterion is related to the tool’s practicality. 
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3.4.1 Discriminant validity 
Performance measures from FR and SGDS were not sensitive to detect group differences between 
fallers and non-fallers. On the other hand, SPPB didn’t show significant discriminative power based on 
odds ratio (P = 0.0544). Four remaining assessment tools (BBS, TUG, Mini-BESTest and SFES) were not 
only sensitive to group difference, but also showed significant discriminative abilities and odds ratios in 
identifying fallers. Based on a general guideline of area under ROC curve (AUC) proposed by Hosmer Jr 
and Lemeshow (2004), AUC should reach to at least 0.7 for acceptable discrimination and 0.8 for excellent 
discrimination. Therefore, SFES had the highest and excellent discriminative ability (AUC = 0.821 > 0.8), 
and BBS and Mini-BESTest had the acceptable discriminative ability (AUC = 0.726 and 0.717 respectively), 
but TUG and SPPB had limited discriminative abilities (AUC < 0.7). The order of odds ratios in identifying 
fallers was different with AUG. SFES had the largest value in odds ratio, but followed by TUG, Mini-
BEStest, BBS. The reason why TUG and Mini-BESTest had larger odds ratios than BBS, although the 
accuracy of BBS was higher or same, was these tools had extreme value in specificity while BBS had 
balanced values in sensitivity and specificity. On the other hand, FR, SGDS, and SPPB were not 
recommended due to poor discriminant validities. This study found that SPPB was significant to distinguish 
between fallers and non-fallers in Korean older women, but the accuracy was low (< 60%) even though 
previous studies showed that SPPB was sensitive to group differences between older people with and 
without frailty (da Câmara, Alvarado, Guralnik, Guerra, & Maciel, 2013), or with and without ability to be 
able to walk 400m (Vasunilashorn et al., 2009). Near to full score of 12 (10.38 for fallers and 11.16 for 
non-fallers) clearly indicated that the difficulty levels of most test items in SPPB were too low for the 
community-dwelling older people regardless of the fall history, thus not effective to classify the group 
difference between fallers and non-fallers in this study. The findings demonstrated that even though SPPB 
could be a good assessment tool to show a gradient of risk for mortality, nursing home admission, and 
disability (Guralnik et al., 1994), it was not sensitive to evaluate the fall risks in the general elderly 
population due to the ceiling effect (Lammers & Badia, 2004). SGDS was also found insensitive to group 
differences between fallers and non-fallers. This result should be reasonable since SGDS is designed to 
directly measure recent geriatric depression, not fall risks. Even though researchers have found that elderly 
people suffering with depression and those taking drugs for the condition are more likely to suffer a fall 
(Gabell, Simons, & Nayak, 1985; The Telegraph, 2008), depression is only one of risk factors for falls and 
itself is very much influenced by individual emotions and many other recent social events such as the loss 
of loved ones shortly before the test date. Moreover, this study suggested that FR measure can’t differentiate 
fallers from non-fallers for the community-dwelling older people even though it is sensitive to group 
differences and it is a widely used tool to investigate whether people has the balance problem or the fall 
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risk (Duncan, Studenski, Chandler, & Prescott, 1992; Duncan et al., 1990). This result was consistent with 
Cho and Kamen (1998), Franzen et al. (1999), Wernick-Robinson, Krebs, and Giorgetti (1999) and 
Wallmann (2001). Wernick-Robinson et al. (1999) further suggested recording movement strategies the 
subject used during FR test instead of reach distance may provide valuable information for balance control 
and fall risk assessment. 
The four remaining assessment tools (BBS, TUG, Mini-BESTest and SFES) were not only sensitive 
to group differences, but also had significant discriminative power and odds ratios in identifying fallers. 
However, TUG had limited discriminative ability (AUC < 0.70). Mini-BESTest had good discriminative 
ability (AUC = 0.717), but these tools have especially low sensitivity (44.0% for TUG and 55.8% for Mini-
BESTest) even though the specificity is much higher (≥ 80%). High specificity with low sensitivity implies 
these two tools are more useful at ‘ruling-in’ rather than ‘ruling-out’ fallers in elderly individuals classified 
as high risk (Barry, Galvin, Keogh, Horgan, & Fahey, 2014). This result is in general agreement with the 
findings of most studies on TUG test. For example, Thompson and Medley (1995) and Lin et al. (2004) 
have suggested that the TUG test is more appropriate for older people who are frailer or who use walking 
aids, than the healthy older people. Beauchet et al. (2011) conducted that a systematic review of overall 
predictive value of the TUG in older adults and found that even though there is a significant positive 
association between the time taken to complete the TUG test and a history of falls, its predictive ability for 
falls remains limited. Barry et al. (2014) conducted a recent review on future falls of the community 
dwelling older adults and also reported high pooled specificity (74%) with low sensitivity (31%) for TUG 
measure, suggesting TUG test should not be used in isolation to identify ‘at high risk’ elderly individuals. 
As to Mini-BESTest, even though this tool systematically evaluates each individual’s performance on 
anticipatory, reactive postural control, sensory orientation and dynamic gait, it has low sensitivity (55.8%) 
for identifying fallers. This could be due to the ceiling effect from low difficulty levels on sensory 
orientation and anticipatory since almost all participants in our study obtained full scores on associated test 
items (item 1, 2, 7, 8, 9) regardless of fall history. Collectively, these data suggest SFES and BBS can be 
the most valid tools to assess the fall risks of the community-dwelling older people. These findings further 
supported that fear of falling may reflect the realistic appraisal of one’s own balance capabilities and an 
accurate estimation of fall risks (Hadjistavropoulos et al., 2007; Legters, 2002; Park et al., 2010). 
 
3.4.2 Practicality 
In this study, test completion time, necessary materials and associated safety issue were considered 
in evaluating the practicality of each tool to be used in assessing fall risks of community-dwelling older 
people. In order to minimize the test induced fatigue on the elderly population and wide application of 
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assessment tools in different contexts, the test completion time should be short and the necessary materials 
should be minimized and easily accessible (Lin et al., 2004). Based on above criteria, SFES, SGDS and FR 
should be the most practical tools due to very short completion time with a single and easily accessible item. 
SPPB and TUG are also quite practical since they can be completed within 5 minutes, with three items 
which can be prepared easily. On the other hand, both BBS and Mini-BESTest take more than 13 minutes 
to complete in average with at least 5 items, thus, they can be considered as the tools having lower 
practicalities when compared with other investigated tools in this study. Moreover, Mini-BESTest involves 
an important safety issue since the individual’s reactive postural control under three near fall situations 
(compensatory stepping corrections for leaning forward, backward and lateral) needs be tested when the 
tool is used. An operator is required to stand close by as a precaution in order to stop the person from falling 
over and hurting herself. In case the operator fails to do so timely, fall accidents could happen and induce 
possible injuries to the participants. 
 
3.4.3 Overall evaluation 
Table 17 summarized the overall comparison results about validity and practicality of seven 
investigated fall risk assessment tools. When both discriminant validity and practicality are considered, the 
most recommended fall risk assessment tool is SFES, which is simple and easy to administer, and at the 
same time has excellent discriminant validity. BBS is also a good assessment tool in terms of safety and 
acceptable discriminant validity. Although BBS requires some experimental materials and relatively long 
time to complete, the materials can be prepared easily and the completion time is still quite acceptable for 
the elderly population, especially when compared with that of other sophisticated balance test equipment 
in the research laboratory. 
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Table 17. Summary of discriminant validity and practicality for seven fall risk assessment tools (- indicates 
not applicable due to insignificant from prior tests) 
Fall risk 
assessment 
tool 
Discriminant validity Practicality 
Sensitive to 
group 
differences? 
(Non-faller 
vs. faller) 
Discriminative ability 
Completion 
time (mean) 
Necessary 
materials 
Is safety 
issue 
involved? 
Area under 
curve 
(AUC) 
Odds ratio 
(OR) 
BBS Yes Acceptable Acceptable 15 mins 
Fair 
(5 items) 
No 
SPPB Yes 
Significant 
but limited 
Insignificant < 5 mins 
Acceptable 
(3 items) 
No 
TUG Yes 
Significant 
but limited 
Acceptable < 5 mins 
Acceptable 
(3 items) 
No 
FR No - - < 5 mins 
Easy 
(1 item) 
No 
Mini-
BESTest 
Yes Acceptable Acceptable 13.5 mins 
Fair 
(5 items) 
Yes 
SFES Yes Excellent Excellent < 5 mins 
Easy 
(1 item) 
No 
SGDS No - - < 5 mins 
Easy 
(1 item) 
No 
 
3.4.4 Limitations 
This study has three major limitations. First, only Korean older women are used in this study, thus, 
the cut-off value of each performance measure should be used with caution and the findings may not be 
generalizable to the male or patient populations. Second, only the predictive ability of each tool on a history 
of falls is examined in this study, its performance on future falls worth further investigation. Third, this 
study mainly focuses on the discriminant validity of each independent assessment tool, however, the tool 
that can accurately discriminate fallers from non-fallers is not necessarily the best tool to evaluate fall risks 
among the elderly population. Other characteristics of the tool, such as responsiveness of the performance 
measures over the study period (Lin et al., 2004) can be considered in the future. Last but not least, this 
study examines the discriminant validity of each independent assessment tool, however, whether a 
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combined fall risk assessment tool of two or more performance measures discriminates better between 
elderly fallers and non-fallers, should be further investigated. 
 
3.5 Conclusion 
 
This study compared seven widely used fall risk assessment tools for the community-dwelling older 
people in terms of validity and practicality. Results showed that FR and SGDS were not sensitive to detect 
group differences between fallers and non-fallers. Five remaining assessment tools (BBS, SPPB, TUG, 
Mini-BESTest, and SFES) showed significant discriminative power, and SFES had the best and excellent 
discriminant validity (AUC = 0.821), followed by BBS of acceptable discriminant validity (AUC = 0.726), 
but both SPPB and TUG had limited discriminant validities (AUC < 0.7). Mini-BESTest also had 
acceptable discriminant validity (AUC = 0.717), but involved a safety issue. In terms of practicality, SFES 
was also excellent. These findings suggested that SFES is the most suitable tool for assessing fall risks of 
community-dwelling Korean older people, followed by BBS. 
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IV. DEVELOPMENT OF A NEW FALL RISK ASSESSMENT TOOL FOR 
COMMUNITY-DWELLING OLDER ADULTS 
 
4.1 Background & Objective 
 
 Based on the comparison of widely used fall risk assessment tools in the previous chapter, it was 
identified which assessment tools are suitable and effective for assessing fall risks in Korean community-
dwelling older people. However, there were certain inherent limitations with those assessment tools. One 
is these fall risk assessment tools have insufficient accuracy; all of assessment tools had accuracy less than 
80%. Another limitation is that assessment tools are not available to identify the underlying reasons of high 
fall risk individuals. For example, if some subjects obtained bad results in TUG test, we can know these 
subjects have problems with their balance and mobility functions. However the reasons why that subject 
has problems with balance and mobility will not be identified (Horak, 1997).  
BESTest is one of the subjective tools designed to assess fall risk based on a system approach, it 
makes it possible to ascertain scores for each system individually (Horak et al., 2009). This tool is composed 
of six systems: biomechanical constraints, stability limits/verticality, anticipatory postural adjustment, 
postural responses, sensory orientation, and stability in gait. However, although systems in this tool are 
classified several sub-systems, it is not only far from detailed diagnosis, but also restricted to balance and 
mobility system. PPA is another fall risk assessment tool based on the systematic assessment (Lord et al., 
2003). This tool includes five systems: vision, sensation in feet, leg muscle force, reaction time, and postural 
sway in stance. In contrast to BESTest, PPA covers detailed underlying reasons for falls, but all of the 
systems in PPA are also under balance system.  
Also the existing assessment tools commonly didn’t determine weights for different risk factors. 
Even though a few studies assigned different weights for different factors, it just depends on the number of 
test items (Horak et al., 2009; Tinetti, Williams, & Mayewski, 1986). Table 18 shows the review of widely 
used fall risk assessment tools.  
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Table 18. Review of widely used fall risk assessment tools in terms of the missing concepts in existing fall 
risk assessment tools 
Fall risk assessment 
tools 
Inclusion of 
various risk factors 
Objective test 
items 
Systematic 
structure 
Determination 
of weightings 
Berg Balance Scale (BBS) 
(Berg, 1989) 
O X O  X 
Timed Up and Go (TUG) 
(Podsiadlo & Richardson, 1991) 
X O X X 
Functional Reach (FR) 
(Duncan et al., 1990) 
X O X X 
Tinetti Balance Measures 
(Tinetti et al., 1986) 
X X O O 
Fall Efficacy Scale (FES) 
(Tinetti et al., 1990) 
X X X X 
Activities-specific 
Balance Confidence 
(ABC) 
(Powell & Myers, 1995) 
X X X X 
Morse Fall Scale (MFS) 
(Morse et al., 1989) 
O X X O 
St Thomas’s Risk 
Assessment Tool in 
falling elderly inpatients 
(STRATIFY) 
(Oliver, Britton, Seed, Martin, 
& Hopper, 1997) 
O X X X 
Hendrich II Fall Risk 
Model 
(Hendrich, Nyhuis, 
Kippenbrock, & Soja, 1995) 
O X X O 
Johns Hopkins Fall Risk 
Assessment Tool 
(Poe, Cvach, Gartrell, Radzik, 
& Joy, 2005) 
O X X O 
Downton 
(Rosendahl et al., 2003) 
O X X X 
Physiological Profile 
Approach (PPA) 
(Lord et al., 2003) 
X O O O 
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Short Physical 
Performance Battery 
(SPPB) 
(Guralnik et al., 1994) 
X O O X 
Mini-Balance Evaluation 
Systems Test (Mini-
BESTest) 
(Franchignoni et al., 2010) 
X X O X 
 
The objective of this study was to develop a new fall risk assessment tool for community-dwelling 
older adults. The assessment tool was developed based on systematic structure, compensating the main 
drawbacks of existing fall risk assessment tools, such as insufficient overall accuracy and difficulty in 
finding the underlying reasons of high fall risk. In addition, this assessment tool maintains the advantage 
of subjective tools like easy to use, consuming short time to administer. 
 
4.2 Design concepts of a new fall risk assessment tool 
 
A new fall risk assessment tool was designed to increase the accuracy and be able to anticipate 
underlying reasons of high fall risks. A new fall risk assessment tool had four major design concepts, firstly 
a new fall risk assessment tool covered most of measurable and modifiable fall risk factors. ‘Measurable’ 
means that able to be assessed by objective methods or questionnaire evaluations. ‘Modifiable’ means that 
able to be improved by individuals. Commonly, existing fall risk assessment tools focus on specific risk 
factors. Although various fall risk factors affect to older people’s fall, existing assessment tools have 
assessed only one risk factor or similar several factors. Secondly, most of fall risk factors in a new fall risk 
assessment tool was assessed by quantitative test items. Lots of widely used fall risk assessment tools have 
assessed the fall risk using subjective items. Even if several fall risk assessment tools have objective 
measures, these methods are oversimplified. Thirdly a new fall risk assessment tool had systematic structure. 
The system-based structure enables to assess performance of each factor individually, and anticipate the 
underlying reasons of high fall risks. Lastly a new fall risk assessment tool considers different importance 
among different fall risk factors in the elderly and determines a scientific weighting function based on 
analytic hierarchy process (AHP) method (Triantaphyllou & Mann, 1995a). The weighting plays a role to 
express the relative importance of test indicators in a quantitative way (Yu, Li, Yang, & Wang, 2015). Since 
the importance of all of the risk factors is definitely not same, the exact weightings contribute to higher 
accuracy.  
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 There were 4 steps to design a new assessment tool. Fall risk factors in older people were 
investigated, and the measurable and modifiable fall risk factors were selected. And then the test items for 
each fall risk factor were designed, and weightings for each factor were determined. Finally the overall 
score was determined by combining scores and weightings in each test item. 
 
 
Figure 15. Process for design of a new fall risk assessment tool 
 
4.3 Selection of fall risk factors assessed 
 
To select the fall risk factors in a new fall risk assessment tool, fall risk factors in older adults were 
investigated. Figure 16 shows the framework about fall risk factors. This framework was made based on 
extensive literature on fall risk factors. 
 
 
Figure 16. Framework about fall risk factors that would be used in a new fall risk assessment tool 
 
Selection of fall 
risk factors 
assessed
Design of test 
items for each 
risk factor
Determination of 
weighting for 
each test item
Determination of 
overall score 
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 Out of whole fall risk factors in the framework, measurable and modifiable fall risk factors were 
selected, and the factors should be measured by simple methods. ‘Environment’ is not measurable factor 
and not modifiable factor. This factor is not only difficult to be assessed because subjects for evaluation are 
too broad and evaluation criteria is also vague, but also it is hard to improve the environmental factor 
without support of government. ‘Clinic’ is measurable factor but not modifiable factor. It can be ascertained 
and evaluated subjectively such as answering yes or no for each disease investigated as fall risk factors. 
However, individuals can’t cure the diseases without help of hospitals. ‘Demographic information’ is also 
measurable factor but not modifiable factor. The age and gender can be assessed (e.g. 67 years old, male…), 
but it is impossible to change these factors. ‘Vertigo’ and ‘Confusion’ in psychological problem were 
excluded because it is vague to assess the severities. Walking clearness and symmetry were also excluded 
because it is hard to measure these factors by using simple methods. Consequently, balance, gait, and 
psychological factors were left as a big category for testing materials. Table 19 shows the risk factors used 
as test materials. 
 
Table 19. Fall risk factors assessed in a new fall risk assessment tool 
Balance system 
Sensory inputs 
Visual input 
Vestibular input 
Somatosensory input 
Cognitive process  
Motor output 
Muscle strength 
Range of motion 
Gait system 
Walking speed  
Step length  
Step width  
Psychological factors 
Fear of falling  
Depression  
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4.4 Design of test items for each fall risk factors 
 
4.4.1 Balance system 
Sensory inputs 
 The clinical test of sensory interaction for balance (CTSIB). CTSIB was used to test the influence 
of the visual, vestibular, and somatosensory inputs on standing balance control (Shumway-Cook & Horak, 
1986). The four conditions of CTSIB were used for assessing sensory inputs, which are (1) stable condition 
with eye fixation, (2) stable condition without eye fixation, (3) unstable condition with eye fixation, and (4) 
unstable condition without eye fixation. Each condition was performed twice, holding for 30 seconds in 
each trial (Eliana, Stefania, Gianpiero, Dario, & Antonio, 2009). Each condition was scored 0 to 3 
subjectively, the criteria for each score are explained in Table 20. The final scores of these three inputs; 
vision, vestibular, and somatosensory, were expressed by percentage values, the scoring method for 
converting to a percentage followed the method in balance master (NeuroCom Inc.). The equations to 
calculate final scores of three sensory inputs are in Table 21. 
 
 
Figure 17. The four conditions of the clinical test of sensory interaction for balance (CTSIB) (Fling, 
Dutta, Schlueter, Cameron, & Horak, 2014) 
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Table 20. CTSIB score classification as the performance 
Score Criteria 
3 Minimal sway 
2 Mild sway 
1 Moderate sway 
0 Unable to maintain posture for 30 seconds 
 
 
Table 21. Equations for final scores of sensory inputs; vision, vestibular, and somatosensory 
Sensory inputs Equations for calculating final scores 
Vision 100 × condition (3) / condition (1) 
Vestibular 100 × condition (4) / condition (1) 
Somatosensory 100 × condition (2) / condition (1) 
 
Cognitive process 
 Reaction speed test. The reaction speed test was conducted to assess a cognitive process by a smart 
phone APP. This APP was invented by Xiong, Qiu, and Kim (2015), it is a reaction test APP for assessing 
cognitive functions and fall risks in older people. The developed APP was for iPad Mini using an iOS Apple 
language-Swift (Apple Inc.) that allows users to perform following four different reaction tests; one-choice 
reaction test, two-choice reaction test, four-choice reaction test, and ten-choice reaction test (Figure 18) in 
the Hick paradigm. This reaction speed test measured information processing speed, and it was in line with 
the traditional card-sorting tasks (Mahurin & Pirozzolo, 1993).  
Each reaction test included ten trials in considering variations as well as minimizing biased data by 
problematic trials during the test, cards appeared randomly in each trial. In order to prevent confounding 
factors by different moving distances during the tasks, a fingerprint picture was shown on the screen to fix 
an initial position of a user’s finger. The result values were expressed as percentile values. To convert each 
information processing speed value to a percentile, the mean and standard deviation in a normal distribution 
were obtained for enough sample size. The faster reaction speed was, the higher percentile was. For example 
about the calculation method of the percentile, if the mean, standard deviation, and subject’s result in this 
test are 10, 1, and 11 respectively, the z-score is 1. From this, a percentile of this subject should be 84.13. 
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Figure 18. The upper section of each interface is the card display box (black brick pattern referred as card 
is facing down), the middle section is the choice reaction button(s) for the subject, and the lower section is 
a fingerprint where the subject puts the index finger at the beginning of tests. (A) One-choice test of red 
color; (B) two-choice test of red or blue color; (C) four-choice test of four suits (hearts, diamonds, spades, 
and clubs); (D) ten-choice test of 10 numbers from 0 to 9. 
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Motor output 
 Muscle strength test. Measurement of grip force by using a hand-held dynamometer was used in 
measuring muscle strength (Hausdorff, Rios, et al., 2001). Measuring hand grip force is a simple and 
objective method for measuring muscle strength. On measuring hand grip force, subjects sat on a chair, and 
bent their right arm 90 degrees and keep their elbow close to their body. Keeping this posture, they held 
dynamometer as strong as possible. Range of motion in knee joint. Subjects’ knee range of motion was 
measured by using goniometer to investigate subjects’ range of motion. The goniometer was fastened 
subjects’ right leg, and made them bend and straighten their knee maximally. The gap between the angle of 
straitened knee and the angle of bent knee was calculated as the dependent variable of this test. Each motor 
system test was performed 2 trials, the final result values in these tests were also expressed by percentile. 
The bigger measured values in two tests were, the higher percentiles were. 
 
 
Figure 19. Devices used in measuring motor outputs. Left is a dynamometer for measuring hand grip 
force and right is a goniometer for measuring range of motion in the knee 
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Figure 20. Experimental settings of motor system tests; (A) grip force measurement, (B) range of motion 
in a knee joint; upper is a straitened knee and lower is a bent knee 
 
4.4.2 Gait system 
 Three components were assessed to investigate gait function. Walking speed, step length, and step 
width were measured in their daily walking. To measure the three components, small cotton balls stained 
with paint were attached to subjects’ heel of the shoes. As a practice trial, subjects walked more than ten 
steps straightly as their daily walking. After that, two cotton balls stained with paint were attached to each 
subject’s heel of the shoes. Subjects walked straight more than 10 steps wearing the shoes, and distance and 
time to eighth step were measured. This test had two trials, and results of each component were obtained 
by following formulas. 
 Walking speed: Measured distance / measured time 
 Step length: Measured distance / 8 
 Step width: Summation of second step width to fifth step width / 4 
 
52 
 
 
Figure 21. Measured the step length and step width in subjects' walking 
 
The result values in gait system tests were also expressed by percentile. For walking speed and step 
length, the bigger measured values in two tests were, the higher percentiles were. On the one hand, the 
smaller measured value was, the higher percentile was for step width because the step width has a negative 
relationship with balance performance (Heitmann, Gossman, Shaddeau, & Jackson, 1989). 
 
4.4.3 Psychological factors 
 Psychological factors have two factors, which are fear of falling and depression. Assessment tools 
for these factors were already developed, Tinetti et al. (1990) developed ‘Fall Efficacy Scale (FES)’ to 
assess fear of falling, and Yesavage et al. (1983) developed ‘Geriatric Depression Scale (GDS)’ to assess 
depression in older people. Short version of FES (SFES) and GDS (SGDS) were used in this study, SFES 
has 7 questions asking the degree of fear of falling in specific daily activities. Each question is scored 1 to 
4, and the scoring descriptions are as follows; 1 is ‘not at all concerned’, 2 is ‘somewhat concerned’, 3 is 
‘fairly concerned’, and 4 is ‘very concerned’. The minimal score is 7, it means that person has very small 
amount of concern to fall in the daily activities. The maximal score is 28, it means that person has a very 
big amount of concern to fall in the daily activities. SGDS has 15 questions related to depression, and each 
question is scored by 0 or 1. As 1 is the negative status, maximal score, 15, means that person has severe 
depression. On the one hand, minimal score, 0, means that person doesn’t have depression at all or has very 
minor depression. Results of these two factors were expressed by percentage, 7 points in SFES were 
converted to 100 and 28 points in SFES were converted to 0. 0 points in SGDS were converted to 100 and 
15 points in SGDS were converted to 0 (see Table 22). 
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Table 22. Equations for converting raw results in SFES and SGDS to percentages 
Assessment tools Converting equation 
SFES (7 ~ 28) (28 – subject’s score) × 100 / 21 
SGDS (0 ~ 15) [(15 – subject’s score) / 15] × 100 
 
 
 
Figure 22. Fear of falling and depression assessment tools 
 
 
4.5 Determination of weighting and overall score 
  
To determine weights in each of fall risk factors, the analytic hierarchy process (AHP) was utilized. 
The AHP is the method for multi-criteria decision making (Triantaphyllou & Mann, 1995a), it determines 
weights among factors by using a pairwise comparison or direct rating. This study used the pairwise 
comparison method to determine the weight for each fall risk factor. Pairwise comparison method is the 
method to evaluate relative importance between two factors, Table 23 is the yardstick in determining a 
relative importance between two factors. If the number of factors is more than two, two out of them would 
be compared in order. For example, if there are three factors; A, B, and C, it compares two factors in order 
like A with B, B with C, and A with C.  
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Table 23. Quantitative scales in relative importance (Saaty, 1980) 
Intensity of importance Definition Explanation 
1 Equal importance 
Two activities contribute equally to 
the objective 
3 
Weak importance of one over 
another 
Experience and judgment slightly 
favor one activity over another 
5 Essential or strong importance 
Experience and judgment strongly 
favor one activity over another 
7 Demonstrated importance 
An activity is strongly favored and its 
dominance demonstrated in practice 
9 Absolute importance 
The evidence favoring one activity 
over another is of the highest 
possible order of affirmation 
2, 4, 6, 8 
Intermediate values between the 
two adjacent judgments 
When compromise is needed 
 
 
Factor A Factor B 
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
 
Figure 23. Example for evaluation of relative importance between factor A and B 
 
Figure 23 shows the example of the method determining weights. According to Table 23 and Figure 
23, relative importance between two factors can be evaluated. In Figure 23, numbers mean an importance 
of the factor. For instance, ‘1’ indicates that a proportion equation of relative importance between factor A 
and B is 1:1, and it is converted to percentage like 50% in A and 50% in B. ‘3’ in factor A’s side indicates 
that a proportional equation between A and B is 3:1, and it is converted to 75% and 25% for factor A and 
B respectively. According to this method, the questionnaire (See Appendix A) to determine a relative 
importance among fall risk factors in the new fall risk assessment tool was made and it was sent to domestic 
experts in this field. It was sent to 24 domestic experts by e-mail, and four experts replied. Table 24 shows 
the result of the weight-determination in each fall risk factor, the result value in each factor was the average 
value of experts’ own decisions. Figure 24 is the hierarchy of fall risk factors and relative importance in 
Table 24. The calculation of the relative importance among fall risk factors was conducted by the AHP 
decision making software (Make It Rational Inc.). 
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Table 24. Relative importance among fall risk factors decided by domestic experts 
First level Weights Second level Weights Third level Weights 
Balance related 61% 
Sensory system 29% 
Visual 28% 
Vestibular 61% 
Somatosensory 11% 
Cognitive system 27% - - 
Motor system 44% 
Muscle strength 72% 
Range of motion 28% 
Gait related 29% - - - - 
Psychological factor 10% 
Fear of falling 86% - - 
Depression 14% - - 
 
 
 
Figure 24. Hierarchy of fall risk factors included in a new fall risk assessment tool and relative 
importance 
  
The overall score was determined by summation of combination between the test score and weight 
in each factor. The equation for overall score was ‘overall score = ∑ SiWi’, Si and Wi were a test score and 
weight in ‘factor i’ respectively. As mentioned in 4.4-design of test items, the full scores in each test item 
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were expressed as 100 by a percentile value or converting equations (Table 21&22). The higher level for 
each test item was calculated by combining weights and scores in the lower levels. For example, the score 
of ‘sensory system’ was obtained by combining scores and weights of the visual, vestibular, and 
somatosensory. The equation was that ‘sensory system’ = ‘score on visual’× 28% + ‘score of vestibular’× 
61% + ‘score of somatosensory’× 11%. Scores in the other factors and the overall score also followed the 
same way. Only gait system used a different calculation method because this system didn’t have lower 
levels, but it had three test items. The result value of the gait system was calculated as an average of results 
in three test items; walking speed, step length, and step width. Table 25 shows the example how to calculate 
the overall score in the new fall risk assessment tool in detail. 
 
Table 25. Example of calculating the overall score 
Third level 
(weight) 
Score 
Second level 
(weight) 
Score 
First level 
(weight) 
Score 
Visual (28%) 90 /100 
Sensory system 
(29%) 
83.35 
/100 
Balance related (61%) 
75.60 
/100 
Vestibular (61%) 80 /100 
Somatosensory 
(11%) 
85 /100 
- - 
Cognitive system 
(27%) 
65 /100 
Muscle strength 
(72%) 
70 /100 
Motor system (44%) 77 /100 
Range of motion 
(28%) 
95 /100 
- - - - 
Gait related (29%) 
75.33 
/100 
Walking 
Speed 
(33%) 
Step 
Length 
(33%) 
Step 
Width 
(33%) 
76 /100 
84 
/100 
66 
/100 
- - 
Fear of falling 
(86%) 
89 /100 Psychological factors 
(10%) 
90.54 
/100 
- - Depression (14%) 100 /100 
Overall score: 77.02 
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4.6 Discussion & Conclusion 
 
This study aimed to develop the new fall risk assessment tool to increase overall accuracy and 
anticipate the underlying reasons of fall risks. For this improvement, a new assessment tool included most 
of measurable and modifiable fall risk factors and designed objective measures in each risk factor. Also, all 
of fall risk factors were indicated by percentage values using a systematic calculation with weights to make 
easy to identify the conditions of each fall risk factor. Table 26 shows the information of practicality in a 
new fall risk assessment tool.  
 
Table 26. Evaluation of practicality in a new fall risk assessment tool 
Evaluation lists Outcomes 
Time duration 15 ~ 20 minutes  
Required materials 
Foam mat, dynamometer, goniometer, cotton, paints, shoes for 
experiment, tape, stopwatch, ruler, standard chair, questionnaire for fear 
of falling and depression, smart device 
Safety concern There were no test items causing safety issues. 
Easy to administer There were no test items to make any problems to instructors. 
Remarks 
To obtain the overall score and scores in fall risk factors, simple 
mathematical calculations were required. 
 
Out of test items in this fall risk assessment tool, the only sensory system had subjective measures 
for assessing risk factors. Thus objective and simple test items were developed to investigate sensory 
systems in detail for people who have problems in sensory systems. For the visual input test, measurement 
of visual acuity was used. Reduced visual acuity was suggested as one of the fall risk factors (BOptom et 
al., 1998; Campbell, Reinken, Allan, & Martinez, 1981; Clark, Lord, & Webster, 1993), and eye chart was 
used to examine the visual acuity as simple method. The used eye chart is widely used in Korea. In this test, 
the distance from an eye chart to subjects was 3m, and their visual acuities of the left and right were 
measured. 
For the vestibular input test, the vertical X-writing test was used. The vertical X-writing test 
measures the subject’s ability to write ‘X’ sign on the paper on the wall. For this test, the subject sat down 
on the chair in front of the wall. Test assistants fixed the paper on the wall, and made subjects write ‘X’ on 
the paper by using a ball-point pen. When they write ‘X’ on the paper, only the dominant hand was available 
and opposite hand should be on their knees. Subjects performed this task with eyes open as a practice once, 
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and then five times with eyes close. The dependent variable of this test was angle, the angle was obtained 
between line from a central point of top X character to a central point of bottom X character and vertical 
line in the paper. Average angle for five trials undertaken with eyes close was used for test measure (LORD, 
Lloyd, & Li, 1996). 
For somatosensory input test, monofilament (Semmes-Weinstein) was utilized. This test is 
commonly used to detect loss of sensation for people who have peripheral neuropathy. Monofilaments have 
totally 20 pieces ranging from 1.65 to 6.65. The bigger number in filaments means the stronger force. Three 
monofilaments are commonly used to diagnose peripheral neuropathy, which are 4.17, 5.07, and 6.10 (Dros, 
Wewerinke, Bindels, & van Weert, 2009). In this experiment, subjects lay on a bed with barefoot, and six 
monofilaments were used, 2.83, 3.61, 4.31, 4.56, 5.07, and 6.65. Three locations in sole of foot were tested 
for assessment of somatosensory input (see Figure 25), two trials were conducted in one location. The first 
trial began with the strongest monofilament, and if subjects that filament prick their sole, they hit the bed. 
When subjects detected the filament, same processes were conducted in descending order, and if subjects 
didn’t detect a filament, last detected one was recorded. The second trial has same processes, but the only 
different thing was it began with the weakest one in ascending order. These two trials were conducted three 
locations and average value of two trials was recorded for each location. Figure 25 shows the additional 
objective test items to assess the sensory inputs. 
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Figure 25. (A) Eye chart used to assess visual acuity, (B) Measurement of angle in X-writing test, (C) 
Semmes-Weinstein monofilaments for somatosensory test, (D) Three locations in assessing 
somatosensory inputs 
 
This study aimed to develop a new fall risk assessment tool that have a systematic structure, and 
include most of evaluable fall risk factors and objective test items. Fall risk factors would be included in 
the new fall risk assessment tool were selected first, and then objective test items for each fall risk factor 
were designed. Depending on the degree of criticality for causing falls, each fall risk factors received 
different weights. All of the scores for each fall risk factor, including overall score were expressed as 
percentage to make it easy to identify the underlying reasons of high fall risks. This new fall risk assessment 
tool has advantages; (1) it covers most of evaluable fall risk factors, (2) it uses more accurate test items than 
existing fall risk assessment tools, (3) it may diagnose the causes of high fall risks for older adults. The 
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investigation about the effectiveness of distinguishing fallers and non-fallers, using this assessment tool 
should be conducted to further study. 
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V. INVESTIGATION OF EFFECTIVENESS OF THE NEW FALL RISK 
ASSESSMENT TOOL 
 
5.1 Objective 
 
 In the previous chapter, a new fall risk assessment tool was developed to compensate disadvantages 
of existing commonly used assessment tools. The new fall risk assessment tool had advantages such as it 
has systematic structure, covers most of evaluable and modifiable fall risk factors, and it is cost-effective 
and easy to administer. The objective of this study was to investigate the effectiveness of the new fall risk 
assessment tool for evaluating fall risks, and to compare it with previously widely used fall risk assessment 
tools. 
5.2 Methodology 
 
5.2.1 Participants 
 70 Korean community-dwelling older people participated in this experiment, 26 were fallers and 
the others were non-fallers. Fall was defined as “an unexpected loss of balance resulting coming to rest on 
the floor, the ground, or an object below the knee level” (Lach et al., 1991). The fall criterion was the 
occurrence of at least one fall within past one year. Inclusion criteria of participants were 1) aged 65 or 
over, 2) female, 3) able to walk independently in their daily life. The subjects recruited from a couple of 
welfare centers in Ulsan Korea. The demographic information such as age, height, weight, and BMI for 
whole participants was investigated. Faller group tended to have higher weights than non-faller group while 
both groups were matched in age and height (P > 0.05) (see Table 27). 
 
Table 27. Demographic information about participants. Weight and BMI were significantly different 
between two groups and these are indicated in bold. 
Demographic 
information 
Faller (N1 = 26) Non-faller (N2 = 44) P-value 
Age 71.16 (3.48) 71.11 (3.57) 0.952 
Height 155.74 (5.75) 154.02 (3.81) 0.191 
Weight 61.92 (7.15) 57.00 (6.46) 0.009 
BMI 25.80 (2.56) 24.08 (2.48) 0.011 
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5.2.2 Test protocols 
 The flow chart in Figure 26 shows the test protocols involved in this experiment. 
 
Figure 26. Flow chart of test protocols in this experiment 
Subjects wrote down consent forms 
Take off their shoes and socks, and then 
measure their heights and weights 
Sensory input tests (CTSIB) 
Information processing speed test 
Grip force measurement 
Measurement of range of motion in a knee 
Measurement of gait pattern 
Assessing psychological factors 
Functional reach test (FR) 
Timed up and go test (TUG) 
Short physical performance battery (SPPB) 
Berg balance scale (BBS) 
Questionnaire for investigating their fall history 
and detail information 
Pay out 
Fall risk assessment 
by using existing fall 
risk assessment tools 
Fall risk assessment 
by using the new fall 
risk assessment tool 
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Fall risk assessment by using the new fall risk assessment tool 
The new fall risk assessment tool explained in Chapter 4 was utilized to assess their fall risks for 
each subject. Sensory system tests were conducted first. Participants conducted four conditions, standing 
on the firm ground with eyes open, standing on the firm ground with eye close, standing on the foam mat 
with eyes open, and standing on the foam mat with eye close. They performed each condition 30 seconds 
twice. After finishing the sensory system tests, reaction time test to identify an ability of cognitive process 
were conducted. And then, tests for motor system were conducted, grip force was measured for muscle 
strength, and range of motion in right knee was measured for range of motion. After these balance tests, 
gait test was performed. In this test, subjects wore an identical type of experimental shoes, of course the 
shoe size was different depending on their foot size. Wearing the experimental shoes, participants have one 
practice trial to check their normal walking, and then they walked 10 steps twice, attaching cottons under 
the heel parts of each shoe. And then FES and GDS questionnaire were conducted to identify their fear of 
falling and depression. 
 
Fall risk assessment by using widely used fall risk assessment tools & Investigation of fall histories 
 For comparison with the new fall risk assessment tool, widely used fall risk assessment tools were 
utilized to participants. Subjects performed BBS, SPPB, FES, GDS, TUG, and FR. FES and GDS belonged 
to the new fall risk assessment tool, so these two assessment tools were not repeated, but the other four 
assessment tools were conducted in the order of FR, TUG, SPPB, and BBS. This order was always fixed 
because some test items in BBS and SPPB were also included in the new tool. Also, since the time duration 
of the new fall risk assessment tool should be measured, the new tool always conducted first. After finishing 
all of tests, not only subjects’ fall histories, but also detailed information such as locations of falls, injured 
parts, and severity of injuries were collected by face to face interview.  
 
5.2.3 Data processing and analysis 
 Before analyzing the data of assessment tools, outliers in subjects were excluded by multivariate 
outlier detection method. The Mahalanobis distance is used for detecting outliers, outliers are detected by 
comparing estimation of the parameters in the Mahalanobis distance with a critical value of chi-squared 
distribution (Rousseeuw & Van Zomeren, 1990). According to this method, four outliers were detected (in 
Figure 27). 
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Figure 27. Detection of outliers by multivariate outlier detection. Alpha in chi-squared distribution was 
0.05. 
 
Although four outliers were excluded, there were no big difference in demographic information, age and 
height were not significant while weight and BMI were significantly different between fallers and non-
fallers (see Table 28).  
 
Table 28. Demographic information on subjects without outliers 
Demographic 
information 
Faller (N1 = 23) Non-faller (N2 = 43) P-value 
Age 71.08 (3.54) 71.40 (3.70) 0.728 
Height 155.01 (5.25) 153.89 (4.04) 0.370 
Weight 61.97 (7.30) 57.01 (6.84) 0.010 
BMI 25.49 (2.26) 23.97 (2.52) 0.017 
 
After deleting outliers, two methods were utilized to analyze the new fall risk assessment tool. In 
the first method, two sample t-tests were conducted for each test item and fall risk factor in the new fall risk 
assessment tool. And then receive operating characteristic (ROC) curve analysis and odds ratio were 
conducted for significant factors and overall score calculated by score in each test item with weights 
obtained by AHP. In the second method, two sample t-tests were conducted for each test item. And then 
multiple logistic regression was conducted, only significant factors were included to build a logistic 
regression model. From regression model, the probabilities of falls for each subject were obtained, ROC 
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curve analysis and odds ratio were conducted for these. Existing fall risk assessment tools were also 
analyzed as same method with the first analysis method in the new fall risk assessment tool. MedCalc 
Statistical Software version 13.0 (MedCalc software bvba, Ostend, Belgium; http://www.medcalc.be; 2014) 
and JMP 10.0.0 (SAS Institute Inc., Cary, USA; http://www.jmp.com; 2012) were used for statistical 
analysis and the significance level was 0.05. 
 
5.3 Results 
 
5.3.1 AHP based tool for assessing fall risks 
 The new fall risk assessment tool was scored according to the scoring methods mentioned in 
Chapter 4. The significance of each item and risk factor were investigated by two sample t-test. Out of 11 
test items, 5 items (vision, information processing speed, range of motion, fear of falling, and depression) 
were significant. Based on these test items, scores of each upper level were calculated. Balance system, 
psychological factor, and motor outputs were significant, and the overall score was also significant (see 
Table 29). 
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Table 29. Significance of each fall risk factors and overall score. The score is mean (SD). Significant things 
(P ≤ 0.05) are in bold. Because the weight was significantly different between two samples, grip force was 
normalized by weight first, and then calculated as a percentile. Gray shaded fall risk factors are the factors 
which scores were calculated by combining weights and scores of each item in the below level. In the grip 
force, measurment values were normalized by weights of subjects because weights between fallers and non-
fallers was significantly different. 
Fall risk factors Faller (N1 = 23) Non-faller (N2 = 43) P-value 
Vision 67.4 (18.7) 78.3 (19.1) 0.027 
Vestibular 48.6 (16.2) 55.8 (19.9) 0.114 
Somatosensory 93.1 (13.8) 95.3 (11.7) 0.496 
Sensory inputs* 58.7 (13.6) 65.8 (15.3) 0.059 
Information processing speed 37.1 (27.7) 56.8 (27.8) 0.007 
Normalized grip force 42.2 (28.2) 56.1 (26.9) 0.055 
Range of motion in a knee 39.6 (25.6) 60.1 (28.8) 0.004 
Motor outputs* 41.5 (23.2) 57.2 (21.9) 0.009 
Balance system* 43.7 (10.9) 59.6 (13.5) 0.000 
Walking speed 57.7 (27.4) 50.2 (30.4) 0.305 
Step length 57.2 (28.6) 51.3 (31.2) 0.436 
Step width 57.3 (28.5) 47.3 (28.7) 0.177 
Gait system* 57.4 (21.7) 49.6 (24.2) 0.181 
Fear of falling 69.8 (24.4) 87.22 (9.73) 0.002 
Depression 68.6 (24.4) 83.3 (16.7) 0.013 
Psychological factors* 69.7 (23.0) 87.57 (8.18) 0.001 
Overall score 51.2 (12.7) 59.9 (11.5) 0.008 
 
 For the overall score of this tool, the discriminative abilities were investigated by receiving 
operating characteristic (ROC) curve and odds ratio. The AUC in the AHP based tool was 0.691. It has high 
sensitivity (79.17%) but low specificity (58.14%), and odds ratio was 5.28. Table 30 shows the results of 
discriminative abilities in detail. 
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Table 30. Results of discriminative abilities (ROC curve analysis and odds ratio) for the AHP based new 
tool 
AHP based new tool 
AUC P-value Accuracy Sensitivity Specificity Cutoff value Odds ratio 
0.691 0.0036 65.67% 79.17% 58.14% 59.9 5.28 
 
 
5.3.2 Logistic regression model based tool 
Multiple logistic regression was also investigated for this fall risk assessment tool. To select items 
would be used in logistic regression, investigation of the significance of each item was preceded by using 
two sample t-test. In here, raw measures were used to ascertain significance in each fall risk factor. Out of 
whole test items, five test items were significant, which were information processing speed, normalized 
grip force, range of motion, fear of falling, and depression (see Table 31). 
 
Table 31. Significance of raw data in each test item 
Fall risk factors Faller (N1 = 23) Non-faller (N2 = 43) P-value 
Vision* 1.958 (0.550) 2.256 (0.539) 0.038 
Vestibular 1.417 (0.504) 1.605 (0.541) 0.160 
Somatosensory 2.708 (0.464) 2.791 (0.412) 0.473 
Information processing speed 6.48 (1.28) 7.44 (1.27) 0.005 
Normalized grip force 0.3280 (0.0733) 0.3678 (0.0632) 0.031 
Range of motion in a knee 108.54 (7.09) 114.28 (7.81) 0.004 
Walking speed 86.4 (11.5) 83.7 (15.0) 0.428 
Step length 53.51 (4.37) 52.35 (5.62) 0.368 
Step width 9.41 (3.09) 10.48 (3.30) 0.190 
Fear of falling 13.33 (5.12) 9.68 (2.04) 0.002 
Depression 4.71 (3.67) 2.50 (2.51) 0.013 
* In this two sample t-tests, vision was one of significant factors. However, because the distribution was 
quite away from normal distribution, it was not included in multiple logistic regression model. 
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Using this five test items, multiple logistic regression model was built, and the equation is as follows. 
 
ln (
𝑃
1 − 𝑃
) =  10.825 − (0.472 × 𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑠𝑝𝑒𝑒𝑑)
− (6.817 × 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑔𝑟𝑖𝑝 𝑓𝑜𝑟𝑐𝑒) − (0.063 × 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑚𝑜𝑡𝑖𝑜𝑛)
+ (0.081 × 𝑓𝑒𝑎𝑟 𝑜𝑓 𝑓𝑎𝑙𝑙𝑖𝑛𝑔) + (0.115 × 𝑑𝑒𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛) 
 
P was the probability of falls, and by using the probability of falls of each subject, discriminative abilities 
were investigated. This analyzing method showed the high AUC value and accuracy (see Table 32). 
 
Table 32. Discriminative ability using probability of falls obtained from the multiple logistic regression 
based new tool 
Multiple logistic regression based new tool 
AUC P-value Accuracy Sensitivity Specificity Cutoff value Odds ratio 
0.808 <0.0001 76.12% 75.00% 76.74% 31.47 9.9 
 
 
5.3.3 Existing tools for assessing fall risks 
For comparison with the new assessment tool, discriminative abilities of six existing fall risk 
assessment tools were investigated. AUC values in BBS and SPPB were less than 0.6 (0.502 and 0.564 
respectively), and AUC values in the other four tools were less than 0.7 (SFES = 0.683, SGDS = 0.660, FR 
= 0.625, and TUG = 0.638). Table 33 shows the detail information of analysis of existing fall risk 
assessment tools and two methods based results of the new tool. 
 
69 
 
Table 33. Discriminative abilities for existing fall risk assessment tools and two methods based results of 
the new tool 
SFES 
AUC P-value Accuracy Sensitivity Specificity Cutoff value Odds ratio 
0.683 0.0167 71.64% 62.5% 76.7% 11 5.5 
BBS 
AUC P-value Accuracy Sensitivity Specificity Cutoff value Odds ratio 
0.502 0.9788 62.69% 20.83% 86.05% 52 1.62 
SPPB 
AUC P-value Accuracy Sensitivity Specificity Cutoff value Odds ratio 
0.564 0.3418 67.16% 25.00% 90.70% 10 3.25 
SGDS 
AUC P-value Accuracy Sensitivity Specificity Cutoff value Odds ratio 
0.669 0.0148 70.15% 33.33% 90.70% 6 4.88 
FR 
AUC P-value Accuracy Sensitivity Specificity Cutoff value Odds ratio 
0.625 0.0931 68.66% 58.33% 74.42% 30.37 4.07 
TUG 
AUC P-value Accuracy Sensitivity Specificity Cutoff value Odds ratio 
0.638 0.0462 61.19% 87.50% 46.51% 10.2 6.09 
AHP based new tool 
AUC P-value Accuracy Sensitivity Specificity Cutoff value Odds ratio 
0.691 0.0036 65.67% 79.17% 58.14% 59.9 5.28 
Multiple logistic regression based new tool 
AUC P-value Accuracy Sensitivity Specificity Cutoff value Odds ratio 
0.808 <0.0001 76.12% 75.00% 76.74% 31.47 9.9 
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5.4 Discussion 
  
This study aimed to investigate the effectiveness of the new fall risk assessment tool and compare 
with existing fall risk assessment tools. The new fall risk assessment tool was evaluated by two methods, 
one is score calculating method mentioned in Chapter 4, and the other is to find the possibility of falls from 
multiple logistic regression. 
 
5.4.1 Comparison of two methods for the new fall risk assessment tool 
There were two methods to analyze the new fall risk assessment tool. The first method is that 
convert measures in each test item to percentile values, and calculated based on the weight scales from 
AHP. Another method is to find the probability of falls by using multiple logistic regression model. Former 
method has advantages that anyone can use this method easily, scores in each test item and fall risk factor 
are expressed intuitionally since full scores in all of test item and risk factor are 100 identically. However, 
this method had one problem, which is the overall score has lower accuracy than several individual test 
items (see Table 34).  
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Table 34. Discriminative abilities of the overall score and individual test items which were significant in 
two sample t-test. Items marked with * have higher values in AUC than overall score. 
Overall score 
AUC P-value Accuracy Sensitivity Specificity Cutoff value Odds ratio 
0.691 0.0036 65.67% 79.17% 58.14% 59.9 5.28 
Information processing speed* 
AUC P-value Accuracy Sensitivity Specificity Cutoff value Odds ratio 
0.702 0.0033 73.13% 54.17% 83.72% 6.3371 6.08 
Range of motion in a knee* 
AUC P-value Accuracy Sensitivity Specificity Cutoff value Odds ratio 
0.711 0.0008 61.19% 91.67% 44.19% 116 8.71 
Fear of falling 
AUC P-value Accuracy Sensitivity Specificity Cutoff value Odds ratio 
0.683 0.0167 71.64% 62.5% 76.7% 11 5.5 
Depression 
AUC P-value Accuracy Sensitivity Specificity Cutoff value Odds ratio 
0.669 0.0148 70.15% 33.33% 90.70% 6 4.88 
 
One of the possible reasons of this problem is weights for each fall risk factor are not correct. 
Because there were no literatures specifying the exact importance of fall risk factors in causing falls, experts’ 
opinions were collected individually. In this study, only 4 experts participated in giving the weights to each 
test item and risk factor. The intraclass correlation coefficient (ICC) was conducted to ascertain the 
consistence among four experts’ evaluation of the relative importance about fall risk factors. The ICC value 
was 0.7793, this value means excellent consistence (between 0.75 and 1.0) (Cicchetti, 1994; Hallgren, 
2012). Even though the evaluations among experts were consistent, the number of evaluations was too 
limited. Therefore more evaluations should be collected to make the relative importance among fall risk 
factors robust.  
Latter method has advantages that it guarantees higher accuracy than individual items. According 
to Greiner et al. (2000), AUC of this method was moderately accurate (AUC = 0.808) but former method 
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was less accurate (AUC = 0.691). Also, because this method is based on exact statistical analysis, the results 
are more robust than the former method. However, this method is not easy to use for ordinary people since 
this method requires regression model.  
 
5.4.2 Comparison with existing fall risk assessment tools 
 The new fall risk assessment tool was more effective than existing fall risk assessment tools 
regardless of analysis methods. Out of existing fall assessment tools, SFES, SGDS, and TUG were 
significant in the ROC curve analysis, and these three tools were used for discussion about the comparison 
with the new fall risk assessment tool. In terms of AUC, the multiple logistic regression based new tool had 
the highest value (AUC = 0.808), and the AHP based new tool (AUC = 0.691), SFES (AUC = 0.683), 
SGDS (AUC = 0.669), and TUG (AUC = 0.638) followed. In terms of accuracy for distinguishing faller 
individuals and non-faller individuals, the multiple logistic regression model based new tool was still the 
most accurate one (76.12%), and SFES (71.64%), SGDS (70.15%), the AHP based new tool (65.67%), and 
TUG (61.19%) followed. For the odds ratio, the multiple logistic regression based new tool had the biggest 
value (= 9.9), and TUG (= 6.09), SFES (= 5.5), the AHP based new tool (= 5.28), and SGDS (= 4.88) 
followed. 
 According to comparison among assessment tools, it was suggested that the multiple logistic 
regression based new tool showed higher accuracy than existing tools obviously while the AHP based new 
tool was similar with existing tools. There were major differences between two methods. In the AHP based 
new tool, 11 fall risk factors were assessed by each test item and the measures were converted to percentile 
value. These values were combined with weights for each fall risk factor from the AHP method, and overall 
score would be obtained. On the other hand, in the multiple logistic regression based new tool, the 
significance of 11 fall risk factors were investigated first, and significant factors were used to build a 
multiple logistic regression model. From this model, each subject received probability of falls. This 
different process might be possible a reason of different results, multiple logistic regression based new tool 
used only effective test items to build the regression model while the AHP based new tool used all of 
measures in test items. If ineffective fall risk factors have bigger weights than effective factors, the overall 
score should be not that reliable. 
Both analysis methods in the new assessment tool had higher results in the AUC than six 
investigated existing assessment tools. There were two possible reasons, one was the number of significant 
fall risk factors covered in each assessment tool. The new fall risk assessment tool covered various 
measurable and modifiable fall risk factors and it was identified that there were five significant fall risk 
factors, whereas existing fall risk assessment tools included some of significant risk factors. The number of 
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fall risk factors covered in assessment tools cannot guarantee effectiveness, but if the fall risk factors are 
significant, fall risk assessment tools having more fall risk factors would be more effective to detect fall 
risks.  
Another reason was difference among measurement methods. Most of test items in the new fall risk 
assessment tool measured each fall risk factor directly, especially test items for five significant risk factors 
were direct methods while most of test items in existing fall risk assessment tools were indirect measures. 
In general, direct measures are more accurate than indirect measures because indirect measures were scored 
by ordinal scores. For example, in the repeated chair stands in the SPPB, subjects who complete this item 
within 11.1 sec might receive 4 points. It means someone who complete this test within 7 seconds and 
someone who complete this test within 11 seconds would be evaluated as having a same performance level, 
although it is definitely not same. 
From these two possible reasons, the new fall risk assessment tool had higher accuracy than existing 
fall risk assessment tools. Table 35 shows the inclusion of significant fall risk factors and measuring 
methods in each risk factor for the new assessment tool and existing assessment tools. Although the new 
assessment tool requires more test items and materials then existing ones, all test items are definitely easy 
to perform and most of materials are quite affordable. The advantage of the new fall risk assessment tool is 
that it has higher accuracy than existing assessment tool, and it is still simple and acceptable. 
 
Table 35. Investigation for missed effective fall risk factors in widely fall risk assessment tools 
Effective fall risk 
factors 
New 
tool 
SFES BBS SPPB SGDS FR TUG 
Information 
processing speed 
O X X X ▲ X X 
Muscle strength O ▲ ▲ ▲ X ▲ ▲ 
Range of motion O ▲ ▲ ▲ X ▲ ▲ 
Fear of falling O O X X X X X 
Depression O X X X O X X 
(O: direct measures; ▲: indirect measures; X: not included) 
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5.5 Conclusion 
  
This study investigated the effectiveness of the new fall risk assessment tool to distinguish fallers 
from non-fallers. Also, this tool was compared with widely used fall risk assessment tools in terms of 
significance and discriminative abilities. Out of two analysis methods of the new fall risk assessment tool, 
multiple logistic regression based new tool showed better results in AUC, accuracy, and odds ratio than 
both AHP based new tool and  six existing fall risk assessment tools. However, this analysis method has 
disadvantages that it is not easy to use for ordinary people because of mathematical knowledge and ascertain 
ability for each fall risk factor. AHP based method to find overall score using weights had worse outcomes 
than the multiple logistic regression model in terms of discriminative abilities. However, this method can 
ascertain abilities for each fall risk factor, and it is easy to get an overall score without complex 
mathematical calculation. Also, it is expected that this method may show better results if there are robust 
and scientific weights for each factor based on big data.  
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VI. CONCLUSION AND FUTURE WORKS 
 
6.1 Overall discussion and main findings 
 
This study investigated the fall risk profile and conducted two major experiments in Korea 
community-dwelling older people. In the fall risk profile, detail information about falls in Korean 
community-dwelling older people were investigated, including the ratio of fall and injury fall, location fall 
occurred, circumstance of fall, injured body parts, type of injury, and proportion of fallers who received 
treatment in hospital. The first major experiment discovered suitable and effective fall risk assessment tools 
to identify fall risks in Korean community-dwelling older adults. For this, seven widely used fall risk 
assessment tools were utilized, and these tools were compared in terms of not only discriminative ability 
but also practicality. The second major experiment developed a new fall risk assessment tool which was 
designed to overcome drawbacks of existing fall risk assessment tools, and then evaluated the effectiveness 
of the new fall risk assessment tool on distinguishing fallers and non-fallers. This new developed 
assessment tool was analyzed by AHP based method and multiple logistic regression, and compared its 
effectiveness with widely used fall risk assessment tools. 
Findings from the fall risk profile suggested that 38% of older people experienced at least one fall 
in the last year. Around 80% of falls happened in outdoor, especially on the road. In the fall circumstances, 
trip or slip accounted for more than 50%. In the injury information, 75% of fallers got injuries. The knee 
has been the most frequently injured part, and around half of the injuries were minor injuries such as 
swellings or abrasions. These information were consistent with previous studies. Commonly 30 ~ 40% of 
older adults experience falls in one year, and slip and trip are most frequently occurred fall circumstances 
(50 ~ 60%). For the locations of falls, it becomes different as characteristics of the sample. Indoor falls are 
common in older people, but active people experience more falls in outdoor. Because subjects in this study 
were active, outdoor falls had a higher percentage. To wrap it up, the fall information on Korean 
community-dwelling older people were consistent with previous studies. 
Findings from the first experiment provided the suitable and useful fall risk assessment tools for 
detecting older people who have high fall risks. Totally seven widely used fall risk assessment tools, which 
are focused on various fall risk factors individually, were compared in terms of discriminant abilities and 
practicality. SFES was not only the most effective assessment tool for detecting people who have high fall 
risks (AUC = 0.821, accuracy = 77%), but also the easiest and simplest to use, with few necessary material, 
and BBS followed (AUC = 0.726, accuracy = 71%). Mini-BESTest had acceptable discriminative abilities 
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(AUC = 0.717, accuracy = 71%), but several items in this tool caused safety concerns. Because of this 
reason, this tool was not suggested fall risk assessment. 
For the second experiment, the new fall risk assessment tool was developed first, then the 
effectiveness was investigated. The new fall risk assessment tool was designed to compensate drawbacks 
in existing fall risk assessment tools. This tool was developed to include various measurable and modifiable 
fall risk factors, use objective test items for assessing each included fall risk factor, have systematic structure, 
and determine weights for each fall risk factor. After the new fall risk assessment was developed, the 
effectiveness for distinguishing fallers and non-fallers was investigated and compared with six existing fall 
risk assessment tools. The new fall risk assessment tool obtained an overall score using two different 
methods. One is AHP based overall score, each fall risk factor had percentile values based on their raw data 
and weights for each factor were determined by the AHP method based on experts’ opinions. The overall 
score was calculated by combining percentile values for each test item with weights from AHP. The other 
method is multiple logistic regression based overall score. This method conducted the significance test first 
for each fall risk factor, and then multiple logistic regression model was built by using only significant 
factors. The overall score was expressed by the probability of falls for each subject. The latter method had 
the good accuracy (AUC = 0.808) while former one had lower accuracy (AUC = 0.691). The results from 
multiple logistic regression model showed significantly better results than widely used fall risk assessment 
tools. In widely used fall risk assessment tools, SFES, BBS, SPPB, SGDS, FR, and TUG had AUC values 
as 0.683, 0.502, 0.564, 0.669, 0.625, and 0.638 respectively. 
 
6.2 Limitations and future work 
 
 The current study has several limitations. Firstly, the sample in this study was Korean female 
community-dwelling older adults, therefore the generalizability of the study findings on other populations 
should be further investigated.  Secondly, the sample in this study was relatively active older people. Most 
of days they perform exercises and have various activities. Because of that, the sample in this study may 
not be representative of Korean elderly population. Thirdly, this study focused on fall history, without 
consideration of future falls due to the time limitation.  Each fall risk assessment tool should be further 
investigated on its effectiveness on predicting future falls for proactive fall prevention. Fourthly, more 
experts should be invited and participated to determine weights for each fall risk factor in the newly 
development fall risk assessment tool. In the determination of weights, the questionnaire for evaluating the 
relative importance among fall risk factors was sent to 24 domestic experts who have experience for 
researches related to fall risks by e-mail, but only 4 experts responded to the e-mail. This is a very limited 
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number, the result of weight determination may be more robust if more data from global experts as well as 
domestic experts are collected in the future study. Lastly, all fall risk assessment tools used in this study 
only have handled intrinsic factors because extrinsic factors (e.g. environments) are not easy to assess 
quantitatively even though that factors are major fall risk factors. Among a number of existing assessment 
tools, one fall risk assessment tool covered environmental factors (Stapleton et al., 2009), but the item for 
environmental factors in this assessment tool is just asking the question like ‘Difficulties with an orientation 
to the environment, i.e. areas between bed / bathroom / dining room’ and it is answered by just ‘yes’ or ‘no’. 
In the new fall risk assessment tool, this factor was excluded because this factor was neither measurable 
factor nor modifiable factor. Outdoor environmental factors, however, are definitely crucial fall risk factors, 
so it should be considered in the future studies. 
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APPENDIX A – questionnaire for relative importance among fall risk factors 
 
Questionnaire to determine relative weightings among different fall risk factors 
① Name:  ②Country:  
③Occupation: 
 
④Years of experience:  
 
 
This questionnaire is for determining relative importance among different fall risk factors. This 
questionnaire takes 5 to 10 minutes to complete. Figure 1 shows the hierarchy of major fall risk factors. 
 
Figure 1. Hierarchy of major fall risk factors 
 
Pairwise comparison is used for comparing between two factors, and intensity of importance is shown in 
Table 1. 
 
Table 1. Scale of relative importance (Triantaphyllou & Mann, 1995b) 
Intensity of importance Definition Explanation 
1 Equal importance 
Two activities contribute equally to 
the objective 
3 
Weak importance of one over 
another 
Experience and judgment slightly 
favor one activity over another 
5 Essential or strong importance 
Experience and judgment strongly 
favor one activity over another 
7 Demonstrated importance 
An activity is strongly favored and its 
dominance demonstrated in practice 
9 Absolute importance 
The evidence favoring one activity 
over another is of the highest 
possible order of affirmation 
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2, 4, 6, 8 
Intermediate values between the 
two adjacent judgments 
When compromise is needed 
 
Instruction: This questionnaire has two dimensional evaluation, the scales are 9 to 1 and 1 to 9. If you 
choose 1, it means two factors are equally important. However if you choose the number larger than 1 in 
left side or right side, it means left one or right one is more important than opposite one. Please refer to 
Table 1 in your grading. 
 
 
 
1. Fall Risk factors: Balance related / Gait related / Psychological factor 
a. Balance related vs. Gait related 
Balance related Gait related 
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
 
b. Balance related vs. Psychological factor 
Balance related Psychological factor 
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
 
c. Gait related vs. Psychological factor 
Gait related Psychological factor 
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
 
 
2. Balance related: Sensory system / Cognitive process / Motor system 
a. Sensory system vs. Cognitive process 
Sensory system Cognitive process 
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
 
b. Sensory system vs. Motor system 
Sensory system Motor system 
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
 
c. Cognitive process vs. Motor system 
Cognitive process Motor system 
94 
 
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
 
 
3. Psychological factor: Fear of fall / Depression 
a. Fear of fall vs. Depression 
Fear of fall Depression 
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
 
4. Sensory system 
a. Pairwise comparison: Vision / Vestibular / Somatosensory 
i. Vision vs. Vestibular 
Vision Vestibular 
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
 
ii. Vision vs. Somatosensory 
Vision Somatosensory 
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
 
iii. Vestibular vs. Somatosensory 
Vestibular Somatosensory 
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
 
 
5. Motor system: Muscle strength / Joint range of motion 
a. Muscle strength vs. Joint range of motion 
Muscle strength Joint range of motion 
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
 
 
Thank you!  
Please feel free to contact me if you have any questions or comments. Thank you! 
Taekyoung Kim (MS candidate), Ergonomics and Applied Biomechanics Lab, Ulsan National Institute of 
Science and Technology (UNIST), Republic of Korea. 
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Email: keat23@unist.ac.kr 
Tel.: 010-7702-3426 
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APPENDIX B – seven widely used fall risk assessment tools for the comparison 
 
Fall risk assessment tools used in the comparison of fall risk assessment tools (Chapter 3). 
1) Berg Balance Scale (BBS) 
_____________________________________________________________________________________ 
1. SITTING TO STANDING 
INSTRUCTIONS: Please stand up. Try not to use your hand for support. 
(    ) 4 able to stand without using hands and stabilize independently 
(    ) 3 able to stand independently using hands 
(    ) 2 able to stand using hands after several tries 
(    ) 1 needs minimal aid to stand or stabilize 
(    ) 0 needs moderate or maximal assist to stand 
 
2.  STANDING UNSUPPORTED 
INSTRUCTIONS: Please stand for two minutes without holding on. 
(    ) 4 able to stand safely for 2 minutes 
(    ) 3 able to stand 2 minutes with supervision 
(    ) 2 able to stand 30 seconds unsupported 
(    ) 1 needs several tries to stand 30 seconds unsupported 
(    ) 0 unable to stand 30 seconds unsupported 
 
If a subject is able to stand 2 minutes unsupported, score full points for sitting unsupported. Proceed to item 
#4. 
 
3.  SITTING WITH BACK UNSUPPORTED BUT FEET SUPPORTED ON FLOOR OR ON A STOOL 
INSTRUCTIONS: Please sit with arms folded for 2 minutes. 
(    ) 4 able to sit safely and securely for 2 minutes 
(    ) 3 able to sit 2 minutes under supervision 
(    ) 2 able to able to sit 30 seconds 
(    ) 1 able to sit 10 seconds 
(    ) 0 unable to sit without support 10 seconds 
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4.  STANDING TO SITTING 
INSTRUCTIONS: Please sit down. 
(    ) 4 sits safely with minimal use of hands 
(    ) 3 controls descent by using hands 
(    ) 2 uses back of legs against chair to control descent 
(    ) 1 sits independently but has uncontrolled descent 
(    ) 0 needs assist to sit 
 
5.  TRANSFERS 
INSTRUCTIONS: Arrange chair(s) for pivot transfer. Ask subject to transfer one way toward a seat with 
armrests and one way toward a seat without armrests. You may use two chairs (one with and one without 
armrests) or a bed and a chair. 
(    ) 4 able to transfer safely with minor use of hands 
(    ) 3 able to transfer safely definite need of hands 
(    ) 2 able to transfer with verbal cuing and/or supervision 
(    ) 1 needs one person to assist 
(    ) 0 needs two people to assist or supervise to be safe 
 
6.  STANDING UNSUPPORTED WITH EYES CLOSED 
INSTRUCTIONS: Please close your eyes and stand still for 10 seconds. 
(    ) 4 able to stand 10 seconds safely 
(    ) 3 able to stand 10 seconds with supervision  
(    ) 2 able to stand 3 seconds 
(    ) 1 unable to keep eyes closed 3 seconds but stays safely 
(    ) 0 needs help to keep from falling 
 
7.  STANDING UNSUPPORTED WITH FEET TOGETHER 
INSTRUCTIONS: Place your feet together and stand without holding on. 
(    ) 4 able to place feet together independently and stand 1 minute safely 
(    ) 3 able to place feet together independently and stand 1 minute with supervision 
(    ) 2 able to place feet together independently but unable to hold for 30 seconds 
(    ) 1 needs help to attain position but able to stand 15 seconds feet together 
(    ) 0 needs help to attain position and unable to hold for 15 seconds 
 
98 
 
8.  REACHING FORWARD WITH OUTSTRETCHED ARM WHILE STANDING 
INSTRUCTIONS: Lift arm to 90 degrees. Stretch out your fingers and reach forward as far as you can. 
(Examiner places a ruler at the end of fingertips when arm is at 90 degrees. Fingers should not touch the 
ruler while reaching forward. The recorded measure is the distance forward that the fingers reach while the 
subject is in the most forward lean position. When possible, ask subject to use both arms when reaching to 
avoid rotation of the trunk.) 
(    ) 4 can reach forward confidently 25 cm (10 inches) 
(    ) 3 can reach forward 12 cm (5 inches) 
(    ) 2 can reach forward 5 cm (2 inches) 
(    ) 1 reaches forward but needs supervision 
(    ) 0 loses balance while trying/requires external support 
 
9.  PICK UP OBJECT FROM THE FLOOR FROM A STANDING POSITION 
INSTRUCTIONS: Pick up the shoe/slipper, which is place in front of your feet. 
(    ) 4 able to pick up slipper safely and easily 
(    ) 3 able to pick up slipper but needs supervision  
(    ) 2 unable to pick up but reaches 2-5 cm (1-2 inches) from slipper and keeps balance independently 
(    ) 1 unable to pick up and needs supervision while trying 
(    ) 0 unable to try/needs assist to keep from losing balance or falling 
 
10.  TURNING TO LOOK BEHIND OVER LEFT AND RIGHT SHOULDERS WHILE STANDING 
INSTRUCTIONS: Turn to look directly behind you over toward the left shoulder. Repeat to the right. 
Examiner may pick an object to look at directly behind the subject to encourage a better twist turn. 
(    ) 4 looks behind from both sides and weight shifts well 
(    ) 3 looks behind one side only other side shows less weight shift 
(    ) 2 turns sideways only but maintains balance 
(    ) 1 needs supervision when turning 
(    ) 0 needs assist to keep from losing balance or falling 
 
11.  TURN 360 DEGREES 
INSTRUCTIONS: Turn completely around in a full circle. Pause. Then turn a full circle in the other direction. 
(    ) 4 able to turn 360 degrees safely in 4 seconds or less 
(    ) 3 able to turn 360 degrees safely one side only 4 seconds or less 
(    ) 2 able to turn 360 degrees safely but slowly 
(    ) 1 needs close supervision or verbal cuing 
(    ) 0 needs assistance while turning 
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12.  PLACE ALTERNATE FOOT ON STEP OR STOOL WHILE STANDING UNSUPPORTED 
INSTRUCTIONS: Place each foot alternately on the step/stool. Continue until each foot has touch the 
step/stool four times. 
(    ) 4 able to stand independently and safely and complete 8 steps in 20 seconds 
(    ) 3 able to stand independently and complete 8 steps in > 20 seconds 
(    ) 2 able to complete 4 steps without aid with supervision 
(    ) 1 able to complete > 2 steps needs minimal assist 
(    ) 0 needs assistance to keep from falling/unable to try 
 
13.  STANDING UNSUPPORTED ONE FOOT IN FRONT 
INSTRUCTIONS: (DEMONSTRATE TO SUBJECT) Place one foot directly in front of the other. If you feel 
that you cannot place your foot directly in front, try to step far enough ahead that the heel of your forward 
foot is ahead of the toes of the other foot. (To score 3 points, the length of the step should exceed the length 
of the other foot and the width of the stance should approximate the subject’s normal stride width.)  
(    ) 4 able to place foot tandem independently and hold 30 seconds 
(    ) 3 able to place foot ahead independently and hold 30 seconds 
(    ) 2 able to take small step independently and hold 30 seconds 
(    ) 1 needs help to step but can hold 15 seconds 
(    ) 0 loses balance while stepping or standing 
 
14.  STANDING ON ONE LEG 
INSTRUCTIONS: Stand on one leg as long as you can without holding on. 
(    ) 4 able to lift leg independently and hold > 10 seconds 
(    ) 3 able to lift leg independently and hold 5-10 seconds 
(    ) 2 able to lift leg independently and hold ≥ 3 seconds 
(    ) 1 tries to lift leg unable to hold 3 seconds but remains standing independently. 
(    ) 0 unable to try of needs assist to prevent fall 
 
(    )   TOTAL SCORE (Maximum = 56) 
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2) Short Physical Performance Battery (SPPB) 
_____________________________________________________________________________________ 
1. Repeated Chair Stands  
 
Instructions: Do you think it is safe for you to try and stand up from a chair five times without using your 
arms? Please stand up straight as quickly as you can five times, without stopping in between. After standing 
up each time, sit down and then stand up again. Keep your arms folded across your chest. Please watch 
while I demonstrate. I’ll be timing you with a stopwatch. Are you ready? Begin  
 
Grading: Begin stop watch when subject begins to stand up. Count aloud each time subject arises. Stop 
the stopwatch when subject has straightened up completely for the fifth time. Also stop if the subject uses 
arms, or after 1 minute, if subject has not completed rises, and if concerned about the subject’s safety.. 
Record the number of seconds and the presence of imbalance. Then complete ordinal scoring.  
 
Time: _____sec (if five stands are completed)  
 
Number of Stands Completed: 1 2 3 4 5  
 
Chair Stand Ordinal Score: _____  
0 = unable  
1 = > 16.7 sec  
2 = 16.6-13.7 sec  
3 = 13.6-11.2 sec  
4 = < 11.1 sec  
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2. Balance Testing  
 
Begin with a semitandem stand (heel of one foot placed by the big toe of the other foot). Individuals unable 
to hold this position should try the side-by-side position. Those able to stand in the semitandem position 
should be tested in the full tandem position. Once you have completed time measures, complete ordinal 
scoring.  
 
a. Semitandem Stand  
 
Instructions: Now I want you to try to stand with the side of the heel of one foot touching the big toe of the 
other foot for about 10 seconds. You may put either foot in front, whichever is more comfortable for you. 
Please watch while I demonstrate. 
 
Grading: Stand next to the participant to help him or her into semitandem position. Allow participant to hold 
onto your arms to get balance. Begin timing when participant has the feet in position and let’s go.  
 
Circle one number  
2. Held for 10 sec  
1. Held for less than 10 sec; number of seconds held _____  
0. Not attempted  
 
b. Side-by-Side stand  
 
Instructions: I want you to try to stand with your feet together, side by side, for about 10 sec. Please watch 
while I demonstrate. You may use your arms, bend your knees, or move your body to maintain your balance, 
but try not to move your feet. Try to hold this position until I tell you to stop.  
 
Grading: Stand next to the participant to help him or her into the side-by-side position. Allow participant to 
hold onto your arms to get balance. Begin timing when participant has feet together and lets go.  
 
Grading  
2. Held of 10 sec  
1. Held for less than 10 sec; number of seconds held_____  
0. Not attempted  
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c. Tandem Stand  
 
Instructions: Now I want you to try to stand with the heel of one foot in front of and touching the toes of 
the other foot for 10 sec. You may put either foot in front, whichever is more comfortable for you. Please 
watch while I demonstrate.  
 
Grading: Stand next to the participant to help him or her into the side-by-side position. Allow participant to 
hold onto your arms to get balance. Begin timing when participant has feet together and lets go.  
 
Grading  
2. Held of 10 sec  
1. Held for less than 10 sec; number of seconds held_____  
0. Not attempted  
 
Balance Ordinal Score: _____  
0 = side by side 0-9 sec or unable  
1 = side by side 10, <10 sec semitandem  
2 = semitandem 10 sec, tandem 0-2 sec  
3 = semitandem 10 sec, tandem 3-9 sec  
4 = tandem 10 sec  
 
3. 8’ Walk (2.44 meters)  
 
Instructions: This is our walking course. If you use a cane or other walking aid when walking outside your 
home, please use it for this test. I want you to walk at your usual pace to the other end of this course (a 
distance of 8’). Walk all the way past the other end of the tape before you stop. I will walk with you. Are you 
ready?  
 
Grading: Press the start button to start the stopwatch as the participant begins walking. Measure the time 
take to walk 8’. Then complete ordinal scoring.  
 
Time: _____ sec  
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Gait Ordinal Score: _____  
0 = could not do  
1 = >5.7 sec (<0.43 m/sec)  
2 = 4.1-6.5 sec (0.44-0.60 m/sec)  
3 = 3.2-4.0 (0.61-0.77 m/sec)  
4 = <3.1 sec (>0.78 m/sec)  
 
Summary Ordinal Score: _____  
 
Range: 0 (worst performance) to 12 (best performance). Shown to have predictive validity showing a 
gradient of risk for mortality, nursing home admission, and disability.  
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3) Timed Up and Go test (TUG) 
______________________________________________________________________________  
1. Begin the test with the subject sitting correctly (hips all of the way to the back of the seat) in a chair with 
arm rests. The chair should be stable and positioned such that it will not move when the subject moves 
from sit to stand. The subject is allowed to use the arm rests during the sit – stand and stand – sit 
movements.  
2. Place a piece of tape or other marker on the floor 3 meters away from the chair so that it is easily seen 
by the subject.  
3. Instructions: “On the word GO you will stand up, walk to the line on the floor, turn around and walk back 
to the chair and sit down. Walk at your regular pace.  
4. Start timing on the word “GO” and stop timing when the subject is seated again correctly in the chair with 
their back resting on the back of the chair.  
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4) Functional Reach test (FR) 
 _____________________________________________________________________ 
The patient is instructed to next to, but not touching, a wall and position the arm that is closer to the wall at 
90 degrees of shoulder flexion with a closed fist.  
The assessor records the starting position at the 3rd metacarpal head on the yardstick.  
Instruct the patient to “Reach as far as you can forward without taking a step.”  
The location of the 3rd metacarpal is recorded.  
Scores are determined by assessing the difference between the start and end position is the reach distance, 
usually measured in inches.  
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5) Mini-Balance Evaluation System Test (Mini-BESTest) 
 
Anticipatory                                                                                                                          Sub Score:   /6  
1. SIT TO STAND 
Instruction: “Cross your arms across your chest. Try not to use your hands unless you must. Do not let 
your legs lean against the back of the chair when you stand. Please stand up now.” 
 
(2) Normal: Comes to stand without use of hands and stabilizes independently. 
(1) Moderate: Comes to stand WITH use of hands on first attempt. 
(0) Severe: Unable to stand up from chair without assistance, OR needs several attempts with use of hands. 
 
2. RISE TO TOES 
Instruction: “Place your feet shoulder width apart. Place your hands on your hips. Try to rise as high as you 
can onto your toes. I will count out loud to 3 seconds. Try to hold this pose for at least 3 seconds. Look 
straight ahead. Rise now.” 
 
(2) Normal: Stable for 3 s with maximum height. 
(1) Moderate: Heels up, but not full range (smaller than when holding hands), OR noticeable instability for 
3 s. 
(0) Severe: < 3 s. 
 
3. STAND ON ONE LEG 
Instruction: “Look straight ahead. Keep your hands on your hips. Lift your leg off of the ground behind you 
without touching or resting your raised leg upon your other standing leg. Stay standing on one leg as long 
as you can. Look straight ahead. Lift now.” 
 
Left: Time in Seconds Trial 1:_____Trial 2:_____ 
(2) Normal: 20 s. 
(1) Moderate: < 20 s. 
(0) Severe: Unable. 
Right: Time in Seconds Trial 1:_____Trial 2:_____ 
(2) Normal: 20 s. 
(1) Moderate: < 20 s. 
(0) Severe: Unable 
 
To score each side separately use the trial with the longest time. 
To calculate the sub-score and total score use the side [left or right] with the lowest numerical score 
[i.e. the worse side]. 
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Reactive postural control                                                                                                    Sub Score:   /6 
4. COMPENSATORY STEPPING CORRECTION- FORWARD 
Instruction: “Stand with your feet shoulder width apart, arms at your sides. Lean forward against my hands 
beyond your forward limits. When I let go, do whatever is necessary, including taking a step, to avoid a fall.” 
 
(2) Normal: Recovers independently with a single, large step (second realignment step is allowed). 
(1) Moderate: More than one step used to recover equilibrium. 
(0) Severe: No step, OR would fall if not caught, OR falls spontaneously. 
 
5. COMPENSATORY STEPPING CORRECTION- BACKWARD 
Instruction: “Stand with your feet shoulder width apart, arms at your sides. Lean backward against my 
hands beyond your backward limits. When I let go, do whatever is necessary, including taking a step, to 
avoid a fall.” 
 
(2) Normal: Recovers independently with a single, large step. 
(1) Moderate: More than one step used to recover equilibrium. 
(0) Severe: No step, OR would fall if not caught, OR falls spontaneously. 
 
6. COMPENSATORY STEPPING CORRECTION- LATERAL 
Instruction: “Stand with your feet together, arms down at your sides. Lean into my hand beyond your 
sideways limit. When I let go, do whatever is necessary, including taking a step, to avoid a fall.” 
 
Left 
(2) Normal: Recovers independently with 1 step 
(crossover or lateral OK). 
(1) Moderate: Several steps to recover equilibrium. 
(0) Severe: Falls, or cannot step. 
Right 
(2) Normal: Recovers independently with 1 step 
(crossover or lateral OK). 
(1) Moderate: Several steps to recover equilibrium. 
(0) Severe: Falls, or cannot step. 
 
Use the side with the lowest score to calculate sub-score and total score. 
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Sensory orientation                                                                                                                Sub score:   /6 
7. STANCE (FEET TOGETHER); EYES OPEN, FIRM SURFACE 
Instruction: “Place your hands on your hips. Place your feet together until almost touching. Look straight 
ahead. Be as stable and still as possible, until I say stop.” 
 
Time in seconds:_______ 
(2) Normal: 30 s. 
(1) Moderate: < 30 s. 
(0) Severe: Unable. 
 
8. STANCE (FEET TOGETHER); EYES CLOSED, FOAM SURFACE 
Instruction: “Step onto the foam. Place your hands on your hips. Place your feet together until almost 
touching. Be as stable 
and still as possible, until I say stop. I will start timing when you close your eyes.” 
Time in seconds:________ 
(2) Normal: 30 s. 
(1) Moderate: < 30 s. 
(0) Severe: Unable. 
9. INCLINE- EYES CLOSED 
Instruction: “Step onto the incline ramp. Please stand on the incline ramp with your toes toward the top. 
Place your feet 
shoulder width apart and have your arms down at your sides. I will start timing when you close your eyes.” 
Time in seconds:________ 
(2) Normal: Stands independently 30 s and aligns with gravity. 
(1) Moderate: Stands independently <30 s OR aligns with surface. 
(0) Severe: Unable. 
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Dynamic gait                                                                                                                         Sub score:   /10 
10. CHANGE IN GAIT SPEED 
Instruction: “Begin walking at your normal speed, when I tell you ‘fast’, walk as fast as you can. When I say 
‘slow’, walk very slowly.” 
 
(2) Normal: Significantly changes walking speed without imbalance. 
(1) Moderate: Unable to change walking speed or signs of imbalance. 
(0) Severe: Unable to achieve significant change in walking speed AND signs of imbalance. 
 
11. WALK WITH HEAD TURNS – HORIZONTAL 
Instruction: “Begin walking at your normal speed, when I say “right”, turn your head and look to the right. 
When I say “left” turn your head and look to the left. Try to keep yourself walking in a straight line.” 
 
(2) Normal: performs head turns with no change in gait speed and good balance. 
(1) Moderate: performs head turns with reduction in gait speed. 
(0) Severe: performs head turns with imbalance. 
 
12. WALK WITH PIVOT TURNS 
Instruction: “Begin walking at your normal speed. When I tell you to ‘turn and stop’, turn as quickly as you 
can, face the opposite direction, and stop. After the turn, your feet should be close together.” 
 
(2) Normal: Turns with feet close FAST (< 3 steps) with good balance. 
(1) Moderate: Turns with feet close SLOW (>4 steps) with good balance. 
(0) Severe: Cannot turn with feet close at any speed without imbalance. 
 
13. STEP OVER OBSTACLES 
Instruction: “Begin walking at your normal speed. When you get to the box, step over it, not around it and 
keep walking.” 
 
(2) Normal: Able to step over box with minimal change of gait speed and with good balance. 
(1) Moderate: Steps over box but touches box OR displays cautious behavior by slowing gait. 
(0) Severe: Unable to step over box OR steps around box. 
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14. TIMED UP & GO WITH DUAL TASK [3 METER WALK] 
Instruction TUG: “When I say ‘Go’, stand up from chair, walk at your normal speed across the tape on the 
floor, turn around, and come back to sit in the chair.” 
Instruction TUG with Dual Task: “Count backwards by threes starting at ___. When I say ‘Go’, stand up 
from chair, walk at your normal speed across the tape on the floor, turn around, and come back to sit in the 
chair. Continue counting backwards the entire time.” 
 
TUG: ________seconds; Dual Task TUG: ________seconds 
(2) Normal: No noticeable change in sitting, standing or walking while backward counting when compared 
to TUG without 
Dual Task. 
(1) Moderate: Dual Task affects either counting OR walking (>10%) when compared to the TUG without 
Dual Task. 
(0) Severe: Stops counting while walking OR stops walking while counting. 
 
When scoring item 14, if subject’s gait speed slows more than 10% between the TUG without and 
with a Dual Task the score should be decreased by a point. 
 
TOTAL SCORE: ________ 
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6) Short Fall Efficacy Scale (SFES) 
 
Now we would like to do ask some questions about how concerned you are about the possibility of falling. 
Please reply thinking about how you usually do the activity. If you currently don’t do the activity, please 
answer to show whether you think you would be concerned about falling IF you did the activity. For each 
of the following activities, please tick the box which is closest to your own opinion to show how concerned 
you are that you might fall if you did this activity. 
  Not at all 
concerned 
1 
Somewhat 
concerned 
2 
Fairly 
concerned 
3 
Very 
concerned 
4 
1 Getting dressed or undressed 
 
    
2 Taking a bath or shower 
 
    
3 Getting in or out of a chair 
 
    
4 Going up or down stairs 
 
    
5 Reaching for something above 
your head or on the ground 
 
    
6 Walking up or down a slope 
 
    
7 Going out to a social event 
(e.g. religious service, family 
gathering or club meeting) 
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7) Short Geriatric Depression Scale (SGDS) 
_____________________________________________________________________________________ 
Choose the best answer for how you have felt over the past week:  
1. Are you basically satisfied with your life? YES / NO  
2. Have you dropped many of your activities and interests? YES / NO  
3. Do you feel that your life is empty? YES / NO  
4. Do you often get bored? YES / NO  
5. Are you in good spirits most of the time? YES / NO  
6. Are you afraid that something bad is going to happen to you? YES / NO  
7. Do you feel happy most of the time? YES / NO  
8. Do you often feel helpless? YES / NO  
9. Do you prefer to stay at home, rather than going out and doing new things? YES / NO  
10. Do you feel you have more problems with memory than most? YES / NO  
11. Do you think it is wonderful to be alive now? YES / NO  
12. Do you feel pretty worthless the way you are now? YES / NO  
13. Do you feel full of energy? YES / NO  
14. Do you feel that your situation is hopeless? YES / NO  
15. Do you think that most people are better off than you are? YES / NO  
 
Answers in bold indicate depression. Score 1 point for each bolded answer.  
 
A score > 5 points is suggestive of depression.  
A score ≥ 10 points is almost always indicative of depression.  
A score > 5 points should warrant a follow-up comprehensive assessment. 
